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[57]  ABSTRACT 

A  direct  current  (DQ  power  supply  of  the  single-ended 
flyback  type  particularly  suited  for  providing  power  for 
integrated  circuits  is  described.  The  power  supply  is 
self-exciting  and  thus  docs  not  employ  an  auxiliary 
drive  or  oscillator.  The  starting/restarting  circuitry 
provides  protection  against  faulu.  Because  of  this  fault 
protection,  a  relatively  simple  over-voltage  circuit  is 
employed  at  the  output  of  the  supply.  An  additional 
primary  winding  is  used  to  provide  protection  for  no- 
load  conditions. 
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DC  POWER  SUPPLY 


BRIEF  DESCRIPTION  OF  THE  DRAWING 


« .  «»r^„«.,T*„^  ^«  ^T«  T^Twrw^-^t^^^^  The  FIGURE  is  an  electrical  schematic  of  the  prc»- 

BACKGROUND  OF  THE  INVENTION  ^^^  ^^^^  embodiment  of  the  invented  DC  piwcr 

1.  Field  of  the  Invention  5   supply. 


The  invention  relates  to  the  field  of  DC  power 


DETAILED  DESCRIPTION  OF  THE 


Tl^Art  mVEKnON 

DC  power  supplies  which  employ  transformers  to  A  direct  current  (DQ  power  supply  which  is  partico- 

oonvert  a  first  DC  potential  to  a  second  DC  potential  10  l^rly  suited  for  providing  power  for  integrated  circuits 
are  well-known.  In  some  cases,  these  supplies  are  single-  is  described.  In  the  following  description,  numerous 
ended,  that  is,  magnetic  flux  is  inductai  i&  only  one  well-known  concepts  asuociated  with  DC  power 
direction  within  the  transformer.  Most  often  these  supplies  of  the  type  described  have  sot  been  set  forth  in 
power  supplies  are  of  the  **flyback**  type,  that  is,  power  deteil  in  order  not  to  obscure  the  present  ic\'ention  to 
is  transferred  after  cOEiduction  has  ceflsed  in  the  primary  13  unnecessary  detail.  In  other  instances,  specific  details 
winding.  Regulation  of  the  output  voltage  is  accom-  „c  j^t  forth  in  order  to  provide  a  thorough  understand- 
plished  by  controlling  the  amount  of  energy  stored  in  j„g  ^f  the  present  invention-  However,  it  will  be  obvi- 
the  magnetic  field  of  the  transformer.  Thii  is  generally  ^^^  ^  jj^g  skilled  in  the  art  that  the  invention  may  be 
done  by  controlling  the  peak  current  in  the  primary  practiced  without  employing  these  specific  detaUs. 
winding  through  a  power  tramistor.  .,    20      ^he  described  DC  power  suppJy  is  of  the  general 

For  the  self^xciting  type  of  power  supply,  an  aual-  ^^^  ^^^  converts  energy  from  a  fii«  (primary)  DC 
lary  drive  or  os<^iUtor  is  often  employed  to  mitiatc  ^^         j    ^^  magnetic  energy,  and  then  converts 

oscuhUions.  As  will  be  seen,  the  startmg/restartmg  cir-  ^  magnetic  energy  into  a  second  (output)  DC  poten. 
cmtry  employed  with  the  present  mvenUon  consists  ^  j^  -Ihrough  convertion  type"  power  supply,  in 
substantiaUy  of  pas^ve  circmt  components  which  are  23  ^^  ^    prtfcntd  embodiment,  employs  a  double 

inhenmtly  rchable.  TTus  circuitry  also  provides  excel-  ^^^^  transformer  with  the  energy  tra^farred  to  the 
lent  fault  protecUon.  ,     .      ^    ,      _        _.  secondary  windings  during  the  flyback  cycle,  that  is. 

In  fiyback  systems  cmploymgtransfonne^^  piob-  conduction  £s  ceas^  in  the  primary  drive  wind- 

lem  has  existed  m  dissipating  all  the  energj' stored  m  the        .      — _       ^  ^^^     .    *■  i  •  i  *  ju         *    »v 

magneUc  field  of  the  i^ormer.  Because  of  stray  in-  30  mg-TheoutputpCpote^Ualisreguktedbycon^^ 
duc^ce  and  capacitance,  and  because  complete  mag-  the  Peak  current  m  the  p^ary^ve  winding, 
oetic  coupling  dL  not  occur  between  the  primary  and  .  R=fe™g  no*  to  the  FIGURF  the  tra^form=r  U 
secondary  wSidings,  all  the  energy  introduced  in  the  ff^f  *  f^l^J  f  P^-^  ^-^^^  \*:  ^!l  '^^"f^ 
magnetic  field  from  the  primary  winding  is  not  coupled  ^\^^  aplurality  of  «condary  wmdmgs  19  20.  21.  22 
to  Se  secondary  %.dnding.  Typically,  some  of  the  en-  35  ^  ^3 /The  pnmajy  dnve  wmdmg  14  transfers  energy 
ergy  stored  in  the  field  is  dissipated  in  the  power  transis-  ^P"  ^  P"f^  DCsupply  rnto  the  magneUc  enerp 
tor  which  controls  the  current  in  the  primar>-  drive  ^f  the  transformer.  The  p^tic  wmdmg  15  has  the 
winding  and  in  damping  diode  networks,  etc.  This  sub-  »T^  ^"^J*'  ^^  *»^  "  ^^  wmdmg  1*  for  reascm 
jccu  these  componcnu  to  severe  stress  in  some  cases.  which  will  be  descnbed  in  greater  detad.  Tbe  wmdmg 
Moreover,  when  a  fault  condiUon  occura  such  as  an  40  **  »  employed  to  provide  a  control  potential  for  oon- 
open  secondary,  or  a  no-load  conditicn.  aU  of  the  en-  troUing  the  current  through  the  drive  ^vinding  14.  The 
ergy  stored  in  the  magnetic  field  must  be  dissipated  on  feedback  winding  17  provides  a  positive  feedback  tignat 
the  primary  side.  As  will  be  seen  with  the  present  invcn-  for  the  power  transistor  10.  The  secondary  windings  19, 
tion.  an  additional  primary  winding  is  employed  which  20,  21.  22  and  23,  include  rectification  means  which 
in  effect  refums  a  substantial  amount  of  the  energy  in  45  "»'>«  t^  current  flows  ia  the  secondary  windings 
the  magnetic  field  which  is  not  transferred  to  the  seo-  on^V  ^^'^  ^^  flyback  period  to  provide  the  DC  out- 
ondary  winding,  back  into  the  primary  power  supply.         P"tt-  In  ^e  presently  preferred  embodiment,  a  gapped 

transformer  is  employer?  having  an  air  gap  of  approxi- 
SUMMARY  OF  THE  INVENTION  ^.teiy  0.0028  inches.  V/ith  this  gap.  substantially  aU  of 

A  direct  current  power  supply  of  the  single-ended  50  the  energy  associated  with  the  magnetic  field  is  stored 
flyback  type  is  described.  The  power  supply  includes  a  "*  t^e  air  gap  rather  than  in  the  ferromagnetic  core  of 
transformer  which  has  at  least  one  primary  winding  and        ^e  trausformer. 

ai  least  one  secondary  winding.  The  primary  winding  is  The  primary  DC  supply  is  derived  fi*om  an  altemat- 

coupled  between  a  source  of  durxrt  current  potential  mg  current  (AQ  line  source.  This  source  is  coupled 
and  the  collector  of  a  power  transistor.  Starting  means  55  through  a  line  filter  to  a  diode  bridge  27.  The  output  of 
are  employed  to  initiate  oscillatioas  in  the  power  sup-  this  diode  bridge  provides  a  positive  DC  potential  on 
ply.  The  starting  means  are  coupled  to  the  emitter  of  the  Hne  2S.  This  DC  potential  is  conpled  to  one  lead  of  the 
power  transistor  and  initiate  oscillations  by  causing  a  primary  drive  winding  14.  The  other  lead  of  this  wind- 
relatively  low  current  flow  through  the  emitter  of  the  hig  is  coupled  to  the  collector  terminal  of  the  transistor 
power  transistor.  In  the  presently  preferred  embodi-  60  l€.  As  will  be  described  in  greater  detail,  the  transiitcn' 
ment,  the  starting  means  comprises  a  series  coimected  10  is  used  to  control  the  flow  of  current  through  the 
capacitor  and  resistor  which  are  coupled  to  receive  the  drive  winding  14.  The  Une  28  is  also  coupled  to  the 
negative  portion  of  the  AC  line  supply.  When  a  &ult  collector  terminal  of  the  transistor  10  through  the  reats- 
occurs  which  causes  the  oscillations  in  the  power  sup-       tor  34  and  capocxtor  38. 

ply  to  cease,  the  starting  circuit  atte  npts  to  restart  the  65  The  parasitic  winding  15  wluch  in  one  embodunent 
osdllations.  Even  if  the  &ult  remains,  attempts  to  re-  may  be  bifilar  with  the  primary  windmg  14  has  one  of 
start  the  oscillations  do  not  harm  the  supply  since  the  its  leads  coupled  through  diode  65  to  line  28.  This  lead 
emitter  current  drawn  by  the  starting  means  is  low.  is  also  coupled  to  the  coUector  terminal  of  transistCK'  10 
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through  the  capacitor  61  and  resistor  60.  The  othsr  lead  A  transistor  10  which  is  employed  as  a  comparator,  as 

of  the  winding  15  is  coupled  to  the  ground  node  30.  wil!  be  expiaincd,  has  its  collector  terminal  coupled  to 

A  starting  circuit  is  employed  to  initiate  oscillations  line  6S  through  resistor  84  and  through  the  series  combi- 
for  the  power  supply.  (Oscillations  refer  to  the  repeated  nation  of  resistor  83  and  light-emitting  diode  82.  The 
building  up  and  decaying  cf  the  magnetic  energy  in  the  5  light-emitting  diode  82  is  optically  coupled  to  the  light* 
tra?isformer  12  and  the  related  currents).  This  starting  sensitive  transistor  41  as  indicated  by  the  path  86.  The 
circuit  includes  a  resistor  35  of  relatively  high  resistance  emitter  tennina]  of  the  transistor  80  is  coupled  through 
which  is  coupled  in  scries  with  capacitor  36  between  the  a  re»stor  to  line  69.  The  base  terminal  of  this  traasistor 
emitter  terminal  of  transistor  10  and  the  ground  node  is  coupled  to  the  potentiometer  78.  This  potentiometer 
30.  The  capacitor  36  is  charged,  as  will  be  described,  by  10  is  coupled  across  the  diodes  75  and  76.  Diodes  75  and  76 
the  negative  portion  of  the  AC  supply  through  a  charg-  are  coupled  to  line  68  through  the  resistor  74  and  to 
ing  circuit  Coupling  to  the  AC  supply  is  obtained  ground  through  the  2^er  diode  77.  The  Zcner  diode 
through  capacitor  57  and  resistor  58.  One  termmal  of  77  provides  a  reference  potential  for  the  base  of  transis- 
resistor  58  is  coupled  through  the  diode  62  to  the  tor  80.  This  Zcner  diode  is  temperature  compensated  by 
ground  node.  Resistor  58  is  also  coupled  to  the  emitter  15  the  diodes  75  and  76. 

terminal  of  transistor  10  through  the  resistor  59.  The  Over-voltage  protection  is  provided  through  the 

emitter  terminal  of  transistor  10  is  coupled  to  the  silicon  controlled  rectivier  (SCR)  88,  This  SCR  is  cou- 
ground  node  through  s  relatively  small  capacitor  37  pled  between  the  lines  68  acd  70.  A  triggering  potential 
which,  as  will  be  explained,  provides  high  frequency  for  the  gate  terminal  of  this  device  is  provided  by  the 
bypass.  The  main  emitter  current  path  during  normal  20  Zcner  diode  90.  which  diode  is  coupled  in  series  with 
(heavy)  oscillations  includes  the  diode  31,  the  current  resistor  91  between  line  68  ard  ground.  As  is  apparent, 
limiting  resistor  32,  and  resistor  33,  all  of  which  are  when  the  potential  on  line  €$  exceeds  a  predetermined 
coupled  in  series  between  the  emitter  terminal  of  the  value  (over-voltage)  the  Zener  diode  90  conducts, 
transistor  10  and  the  ground  node  30.  therety  triggering  the  SCR  88.  When  the  SCR  88  is 

Regulation  of  the  DC  output  potentials  is  obtained  by  25  triggered,  line  68  is  directly  coupled  to  line  70  thereby 
controlling  the  tumoff  of  transistor  iO  through  an  active        shorting  the  over-voltage  condition. 
tumofT  circuit  which  includes  transistors  39, 40  and  41.  As  mentioned,  the  power  supply  is  self-exciting,  thus 

Positive  feedback  from  the  winding  17  is  coupled  it  requires  some  means  for  initiating  oscillations.  A  por- 
through  line  42  and  the  parallel  combination  of  a  resis-  tion  of  the  AC  signal  is  coupled  through  the  capacitor 
tor  znd  diode  to  the  base  terminal  of  the  transistor  10.  30  57  to  the  emitter  termbisX  of  transistor  10.  Because  of 
The  base  terminal  of  transistor  10  is  coupled  through  a  the  diode  62  and  the  resistors  58  and  57,  only  a  portion 
diode  to  the  emitter  terminal  of  the  transisior  39.  This  of  the  negative  potential  is  coupled  to  the  emitter  termi- 
emitter  terminal  of  transistor  10  is  also  coupled  through  nal.  The  diode  31  prevents  this  negative  potential  from 
another  diode  and  a  resistor  f  o  the  collector  tenninal  of  being  coupled  to  the  ground  node  30.  As  negative 
the  transistor  40.  The  emitter  terminal  of  transistor  40  35  charge  accumulates  on  the  capacitor  36  it  eventually 
and  the  collector  terminal  oftransistor  39  are  coupled  to  lowers  the  emitter  potential  to  approximately  —0.6 
the  ground  node  30.  volta  at  which  time  approximately  15  nsA  of  emitter 

The  base  terminal  of  the  transistor  40  is  coupled  to  current  flows  through  the  emitter  of  the  transistor  10. 
line  43.  This  line  is  coupled  to  the  collector  terzniiial  of  The  transistor  10,  assuming  there  are  no  faults,  has  sub- 
a  light-sensitive  transistor  41  through  a  resistor.  The  40  stantial  power  gain.  (The  DC  potential  for  the  presently 
emitter  terminal  of  transistor  41  is  coupled  to  line  51,  preferred  embodiment  on  line  28  is  approximately  140 
also  the  base  terminal  of  this  transistor  is  coupled  to  line  to  200  volts).  The  positive  feedback  tc  the  emitter  of 
51  through  a  capacitor.  The  ground  node  30  is  coupled  transistor  10  from  the  wmding  17  along  with  the  fact 
to  line  51  through  a  capacitor  55.  Line  51  is  coupled  to  that  high  frequency  signals  are  bypassed  through  the 
one  lead  of  the  primary  winding  16  through  a  diode  56  45  capacitor  37  causes  rapid  rr:gener&tion  oscillationa  to 
and  a  resistor  53.  The  common  junction  between  the  start  During  these  oscillations  current  flows  through 
diode  S6  and  resistor  53  is  occupied  through  a  diode  52  to  the  winding  14,  through  transistor  10  to  the  ground 
one  terminal  of  a  capacitor  50.  The  other  terminal  of  node  30  through  the  diode  31  and  resistors  32  and  33. 
this  capacitor  and  the  other  lead  of  the  winding  16  are  These  oscillations  once  initiated  are  sustained  through 
coupled  to  the  ground  node  30.  The  capacitor  50  is  50  known  phenomena.  Such  oscillations  as  is  well-known 
coupled  through  the  Zcner  diode  49  to  resistors  46  and  rely  upon  stray  capacitance  and  inductance,  and  upon 
47.  The  resistor  47  is  coupled  to  the  groutid  node  30  the  ringing  of  the  underdanped  system  to  reinitiate 
while  the  resistor  46  is  coupled  to  line  43.  Line  43  is  also  conduction  in  transistor  10  after  the  flyback  portion  of 
coupled  through  resistor  45  to  the  jimction  between  the  cycle.  During  these  oscillations,  the  capacitors  36 
resistors  32  and  33;  this  junction  is  common  with  one  55  and  37  play  substantially  no  part  in  the  operation  of  the 
lead  of  the  feedback  winding  17.  circuit,  and  in  fact,  the  emitter  terminal  of  transistor  10 

In  the  presently  preferred  embodiment,  the  power       rises  to  a  potential  of  approximately  2.4  volts  in  the 
supply  provides  + 12  volts  on  line  63  and  +5  volts  on        presently  preferred  embodiment 
line  69.  The  windings  22  and  23  are  coupled  to  rectifica-  Once  heavy  osdUations  are  underway  and  power  is 

tioo  means  to  provide  output  potentials  of — 5  volts  and  60  being  transferred  to  the  secondary  windings,  the  tum- 
—  12  volts.  These  rectification  means  are  well-known  off  point  of  transistor  10  is  controHed  by  transistors  39 
means  and  are  not  illustrated  in  the  FIGURE.  and  40.  These  transistors  shunt  base  current  from  tran- 

The  windings  19,  20  and  21  are  coupled  through  sistor  10  and  act  as  an  active  turn-off  circuit  Transistors 
diodes  to  provide  a  positive  potential  on  the  lines  68  and  39  and  40  are  coupled  to  sense  both  the  AC  line  poten- 
69  with  reference  to  the  ground  line  70.  Capacitors  and  65  tial  and  the  DC  output  potential.  Local  loop  regulation 
inductors  are  employed  in  a  well-known  manner  to  is  provided  by  the  winding  16  and  the  potential  which  is 
provide  filtering  of  these  DC  potentials  as  shown  m  the  developed  across  capacitor  50.  Conditions  such  as 
drawing.  heavy  loads  affect  the  potential  developed  across  the 
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capacitor  50.  The  potential  across  this  capacitor  since  it  begins  to  rise  sharply.  At  tb<;  same  time,  the  poteati&i  on 
is  coupled  to  the  base  of  transistor  40  partly  controls  the  the  imgrouuded  lead  of  the  winding  15  rises  in  the  posi- 
tum-off  point  of  the  transistor  10.  tive  sense.  This  potential  is  equal  to  the  potential  on  the 
On  the  output  side  of  the  power  supply,  the  transistor  collector  terminal  of  the  transistor  less  the  DC  compo- 
80  compares  the  reference  potential  which  is  developed  5  sent  on  line  28.  When  the  potential  on  the  collector  of 
by  Zener  diode  77  with  its  emitter  potential.  The  emit-  transistor  10  reaches  twice  the  potential  of  the  DC  sup- 
ter  potential  is  a  function  of  the  output  potential  on  line  ply,  the  potential  on  the  ungrounded  lead  of  winding  15 
69.  The  residtsofthis  comparison  determine  th£  amount  approximately  equals  the  potential  on  line  2#  causing 
of  cun-ent  which  flows  through  the  light-emitting  diode  diode  65  to  conduct.  The  current  through  this  diode  is 
82.  The  amount  of  current  through  this  diode  regulaies  10  approximately  equal  to  the  peak  current  drawn  by  tran- 
the  characteristics  of  the  transistor  41.  This  transistor  gj^toT  10  during  the  on-time  of  this  transistor.  This  cur- 
controls  the  tum-off  point  for  transistor  10  since  transis-  rgnt  returns  substantially  all  the  energy  from  the  mag- 
tor  41  is  coupled  to  the  base  of  transistor  10  through  netic  field  back  to  the  primary  DC  power  supply.  Were 
transistors  39  and  40.  it  not  for  the  parasitic  winding  15,  this  energy  would  be 
By  way  ofexamplclfthe  potential  on  line  69  drops  It  15  dissipated  within  the  power  supply  and  could  destroy 
•AdU  cause  more  current  to  flow  through  the  Ught-cmit-  the  transistor  10.  In  practice,  not  aU  the  energy  is  le- 
ting  diode  82.  The  additional  light  from  this  diode  ^^^^^  to  the  DC  power  supply  because  of  copper  and 
^uses  the  transistor  41  to  become  more  conductive.  i^„  j^sses,  losses  in  the  transistor  and  the  fact  that 
This  grcaicr  conductance  of  Uansistor  «  Iow«s  the  ^^  jj^  ^oes  not  exist  between  the  windings  14 
potential  applied  to  tfie  base  of  transistor  40.  TTrs  pre-  20  ^j  ,5  ^^  -^  ^^  ^^e  parasitic  winding  16  is 
vente  tr^Jcr  40  from  conductmg  as  readily  as  it  more  economical  to  fabricate  when  wound  on  i  sepa- 
might  othcr«ase  conduc^  and  hence  less  base  current  „^  ^  ^^^^  than  as  a  bifUar  winding.  This,  of 
for  transistor  lO^shunUrf  through  t^^  uansistor.  Thus  ^  ^^^^  ^^  ,^^  ii,ductance.  To  compen- 
more  positive  feedback  through  line  42  reaches  the  .  f  *i.-  *i.  *.  -  j-  1  j  *  KtT 
transisSTlO.  increasing  the  nixunum  current  which  25  ^  i  T"  .^"^^"'^"^Ss  are  coupled  togeth^ 
flo^-s  through  the  drive  coU  14.  This  additional  current  ^^ough  the  capacitor  61  and  resistor60.  It  is  estimated 
result,  in  m^  energy  transfer  to  tl,e  secondary  wind-  '^l  !^  \'?J'T^^^  ^'^^^"^  r^^^  T'""^' 
ings.  thereby  increasing  the  potential  on  line  69.  The  "^^^^J^^  ,f  the  energy  that  would  be  otherwise 
other  DC  output  potenualsfoHow  this  regulation  loop.  ff**^?*  ^.  ^'^  P™ary  DC  power  supply  is  lost 

Assume  for  sake  of  discursion  that  a  fault  condition  30  ^^^  '^^  34  ana  60 

occurs  such  as  a  short  at  the  output  of  the  power  supply  ^"^  *  ^  ^7f '"f^?  ^  ^  dLscIt^  of  the 

or  a  short  caused  by  the  conduction  of  the  SCR  8«.  Tnis  p"^  smgle-ended  flyback  type.  The  st^rtmg  circmt 

fault  substantiaUy  reduces  the  power  gain  associaied  for  the  power  supply  provides  protection  against  faults, 

with  transistor  10  and  causes  the  heavy  oscillations  to  ^^  addmonal  prmiary  wmding  which  is  coupled  to  the 

cease.  The  current  through  the  current  Ihniting  resistor  35  ^^^  wmding  aUows  the  return  of  non-transferred  en- 

32  also  ceases.  This  aUows  the  capacitor  30  to  slowly  ^rgy  to  the  primary  DC  power  supply.  This  feature 

become  negatively  charged  again.  The  time  constant  reduces  the  stress  on  components  during  no-load  condi- 

associated  with  thJs  charging  is  made  relatively  long  to  ^^°*  ^"  "^*  ^*- 

give  time  for  fault  correction.  As  the  potential  on  the  '  claim: 

emitter  of  transistor  10  becomes  negative,  the  relatively  40  *■  A-  direct  current  power  supply  comprising: 

smaU  emitter  current  is  again  drawn  and  the  circuit  *  transformer  havmg  at  least  one  primary  winding 

attempts  to  oscillate.  If  the  fault  is  removed,  heavy  *"*d  one  secondary  winding,  one  lead  of  said  pri- 

oscillations  occur  and  power  is  transferred  to  the  sec-  n»*nf  winding  for  coupling  to  a  source  of  direct 

ondary  windings.  On  the  other  hand,  if  the  fault  remains  current; 

the  circuit  nonetheless  attempts  to  restart  These  contin-  45  ■  tnmsistor  having  a  coUector,  base,  and  emitter  ter- 
ued  attempts  to  restart  do  not  damnge  the  circuit  since  minal.  said  collector  terminal  coupled  to  the  other 
the  emitter  current  is  relatively  low  (12  ma  for  the  pres-  lead  of  said  primary  winding; 
ently  preferred  embodiment).  Thus,  the  restarting  cir-  startiss  means  for  initiating  oscillations  such  that 
cuitry  provides  protection  against  faults  since  unsuc-  power  may  be  transferred  through  said  transformer 
cessful.  continued  attempts  to  restart  do  not  damage  the  50  frosx  said  primary  winding  to  said  secondary  \^'ind- 
supply.  '^S*  ^d  starting  means  comprising  a  first  resistor 
As  previously  mentioned,  one  inherent  problem  in  *nd  first  capacitor  coupled  to  the  emitter  teminal 
flyback  type  systems  in  that  all  the  energy  stored  in  the  of  said  transistor  and  charging  means  for  charging 
magnetic  field  is  not  linked  to  the  secondary  windings,  said  first  capacitor,  said  starting  circuit  for  control- 
and  thus  a  portion  of  this  energy  must  be  dissipated  on  55  ling  the  flow  of  emitter  current  so  as  to  initiate  said 
the  primary  side  of  the  supply,  particularly  in  the  power  oscillations  without  damaging  said  transistor; 
transistor  and  other  circuit  components.  This  problem  is  rectification  means  coupled  to  said  secondary  wind- 
greatly  aggravated  during  a  no-load  condition  when  all  ing  for  providing  an  output  direct  current  poten- 
the  power  stored  in  the  transformer  must  be  dissipated  tial; 

on  the  primary  side.  Because  of  the  winding  15  and  its  60  whereby  oscillations  arc  initiated  in  said  direct  cur- 

interconnectiun  with  the  primary  DC  supply,  a  substan-  rent  power  supply  without  damage  to  said  supply 

tial  portion  of  this  non-transferred  energy  is  returned  to  during  a  fault  condition. 

the  primary  D.C  supply.  Assume  for  purposes  of  expla-  2.  The  power  supply  defined  by  claim  1  including  a 

nation  that  the  secondary  windings  are  open.  When  second  resistor  for  limiting  said  emitter  current 

condition  ceases  through  transistor  10.  a  substantial  65  3.  The  power  supply  defined  by  claim  2  including  a 

amount  of  energy  is  stored  within  the  magnetic  field  of  diode  coupled  in  series  with  said  second  resistor  to 

the  transformer.  At  the  moment  that  conduction  ceases.  allow  the  charging  of  said  first  capacitor  without  loss  of 

the  potential  on  the  coUector  terminal  of  transistor  10  current  through  said  second  resistor. 
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4.  The  power  supply  defined  by  claim  3  iscluding 
second  rectification  means  for  coupling  to  an  alternat- 
ing current  source  and  for  providing  said  source  of 
direct  current  for  said  primary  winding. 

5.  The  power  supply  defined  by  claim  4  wherein  said 
charging  means  couples  a  pcrdoa  of  alternating  current 
from  said  alternating  current  source  to  said  first  resistor 
for  charging  said  first  oapadtor. 

6.  The  power  supply  deficod  by  claim  5  including  a 
second  capacitor  coupled  to  said  emitter  terminal  for 
providing  a  high  frequency  bypass  to  aid  in  the  initia- 
tion of  said  oscillations. 

7.  The  power  supply  defined  by  claim  1  wherein  said  15 
startir.s  circuit  is  effectiveiy  decoupled  fixim  said  emit- 
ter terininals  once  o»ci%tions  are  initiated. 

8.  A  direct  current  power  supply  comprising: 
a  tnuisformer  having  at  least  a  first  primary  winding 

and  a  second  primary  winding  and  at  least  one 
se'x>ndfiry  winding,  one  lead  of  said  first  piimary 
wifiding  coupled  to  a  DC  source; 
a  trai:sistor  having  its  collector  terminal  coupled  to 


the  other  lead  of  said  first  primary  winding  for  25 


controlling  the  How  of  current  in  said  first  primary 
winding; 

starting  means  for  initiating  current  flow  in  said  tran- 
sistor coupled  to  said  transistor; 

said  second  primary  wtadiig  coupled  to  said  first 
primary  winding  such  that  energy  stored  in  the 
field  of  said  transformer  may  flo^K'  to  said  DC 
course  from  said  second  primary  winding; 

a  circuit  means  interconnecting  said  first  and  said 
second  primary  windings  for  compensating  for 
leakage  inductance; 

whereby  during  a  no  load  condition  said  energy 
stored  in  said  transformer  is  returned  to  said  DC 
source  thereby  protecting  said  power  supply. 

9.  The  power  supply  defined  by  claim  8  wherein  said 
first  and  second  primary  windings  are  coupled  through 
a  diode. 

10.  The  power  supply  defined  by  claim  8  wherein  said 
starting  means  comprises  a  capacitor  and  resistor  cou- 

20  pled  to  the  emitter  terminal  of  said  transistor,  said  resis- 
tor coupled  to  receive  a  portion  of  an  AC  signal. 

11.  The  power  supply  defined  by  claim  9.  wherein 
said  circuit  means  comprises  a  scries  coupled  resistor 
and  capacitor. 
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[57]  ABSTRACT 

A  microcomputer  including  a  video  generator  and  tim- 
ing means  which  provides  color  and  high  resolution 
graphics  on  a  staadard.  raster  scanned,  cathode  ray  tube 
is  disclosed.  A  horizontal  synchronization  counter  is 
synchronized  at  an  odd-submuitiple  of  the  color  subcar- 
rier  reference  frequency.  A  "delayed'*  count  is  em- 
ployed in  the  horizontal  synchronization  counter  to 
compensate  for  color  subcarrier  phase  reversals  be- 
tween lines  for  the  non-interlaced  fields.  This  permits 
vertically  aligned  color  gr&phics  without  substantially 
altering  the  standard  horizontal  synchronization  fre- 
quency. Video  color  signals  are  generated  directly  from 
digital  signals  by  employing  a  recirculating  ihiSi  regis- 
ter. 

8  Claims,  4  Drawing  ngaret 
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MICROCOMPUTER  FOR  USE  WTTH  VIDEO  SUMMARY  OF  THE  INVENTION 

DISPLAY  A  microprocessor  for  tue  with  a  video  display  it 

BACKGROUND  OF  THE  INVEmiON  ^   d«cribed.  The  microproccMor  includai  an  toproved 

'   tuning  sppar»ti2B  which  provides  weli-dennea  color 
I.  Field  of  the  Invention  graphics  on  a  standard,  raster  scanned,  cathode  ray 
The  invention  is  for  the  generation  of  signals  for  tube.  A  timing  reference  means  is  employed  to  provide 
raster  scanned  video  displays  employing  digital  meana.  a  color  reference  signal  for  the  video  display.  A  hori- 
wwJ^^  zontal  syuchronizatJon  means  which  is  synchronized  to 
With  the  reduced  cost  of  large  scale  integrated  cir-  10  the  liming  rtfciwcc  means  provides  horizontal  syn- 
cuits  It  has  become  poMible  to  provide  low-cost  mi-  chroaizr^cion  signals  for  the  disolay.  TTiesc  si/aials  occur 
crocomputers  siutable  for  home  ose.  Oce  such  use  .t  arate  which  isanodd-LnibmuItipleoflbecoIorrefer- 
which  has  fiounshcd  m  rec«it  years  i3  the  application  of  ence  signal  frequency.  ITie  timing  apparatus  includes  a 
microcomputers  m  conjunction  wiUi  ^adeo  displays  for  compensation  means  which  is  coupledto  both  the  tim- 
games  and  graphic  display..  Most  often  an  ordinary  i5  ing  reference  means  and  the  synclionization  means  for 
television  receiver  IS  employed  as  the  video  disp^  p<^odicdly  adjusting  the  ho^Lntal  synchronization 
means.  The  standard,  raster  scanned,  cathode  ray  tubes  ^iZ,^u  <^^^i  *u^,  *u^     -^  t           •    •   '"*"'""^^'*:'" 
employed  in  these  receivers  and  like  disphiys.  present  ZtitTrh  ^'^\^^,"«^  '^^  ">  P^  ^^>*'°"- 
unique  problems  in  mterfacing  these  dispUsT^th  the  ^P^^^h  the  color  reference  signal, 
digital  information  provided  by  the  microcomputer.       20      r'  i^icroccmputcr  also  includes  a  unique  color  ag- 
in pr^ti^s  color  gi^phics  it  is.  of  course.  dwL-sblc  ^fLS^'^'"''  "^T  ""^^^  ^  ^i  ^^^?^^«  ^^ 
to  provide  high  resolution  lines  and  to  avoid  "nagged"  ^^*^'  Tlus  register  leceives  digital  signals  reprcscnta- 
lines.  In  a  microcomputer  controUcd  display,  typically  a  ^"^/^  ^^?'  ?°™  «»emory  and  ci.rcuhites  this  data  at  a 
single  frequency  reference  source  is  employed  to  gcncr-  P^«<ietenmned  rate.  In  this  manner  a  color  signal  suit- 
ate  the  color  subcarrier  reference  signal  of  3.579545Mhz  25  "^  .    ^   ,"^  ,**^  ^  ^*^  ^^^V  "  generated  from  the 
and  the  horizontal  and  vertical  synchronization  signals.  ^&^  signals. 

If  the  frequency  of  the  horizontal  synchronization  sig-  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

nals  is  to  remain  close  to  its"  normal  frequency  (i.e.  — -— 

15.750hz)  the  horizontal  synchronization  means  must  .   ^^   *  "  *  general  block  diagram  Ulustrating  tlw 
operate  at  an  odd-submultiple  of  the  color  subcarrier  30  »"venicd  microcomputer  m  its  presenuy  preferred  em- 

frequency.  When  this  occurs  there  is  a  phase  reversal  or  hodiment 

pbaseshiftofthe  color  subcarrier  reference  signal  when  ^*^'  ^  is  a  block  diagram  of  the  video  generator 

compared  to  color  control  signal  between  each  of  the  employed  in  the  microcomputer  of  HG.  1. 

lines  of  the  display.  This  results  in  ragged  vertical  lines  ^9'  ^  ^  *  block  diagram  of  the  timing  and  synchro- 
unless  the  color  signals  are  changed  for  each  line.  One  35  '"nation  generator  employed  in  the  computer  of  FIG.  1; 

prior  iirt  solution  to  this  problem  has  been  to  o^ierate  the  *°*^ 

horizcntal  synchronization  counter  at  an  even  submuiti-  ^'^-  *  *^  *  graph  illustrating  several  waveforms  gen- 

ple  of  the  color  subcarrier  frequency  (i.c.  15,983hz).  erated  by  the  video  generator  of  FIG.  Z 

This  deviation  from  the  standard  horizontal  synchrooi-  DETAILED  DRSr^RlPTinisi  OR  thp 

zation  frequency  typicaUy  requires  manual  adjustment  40  iw^ON- 

of  the  receiver  and  for  some  receivers  horizontal  syn-  ""    **^"* 

chronization  may  be  more  difficult  to  maintain.  ^  microcomputer  is  disclosed  which  is  particulariy 

As  will  be  described  with  the  invented  microcom-  suitable  for  controlling  color  graphics  on  a  sf«ud«ird, 

puter.  the  horizontal  counter  operates  close  to  its  stan-  raster  scanned,  cathode  ray  tube.  The  described  roi- 
dard  frequency  (15,734hz).  Through  use  of  a  timing  43  crocomputer  includes  a  video  generator  which  gcccr- 

compensation  means,  counting  in  the  horizontal  syn-  *^es  color  signals  directly  from  digital  information,  and 

chnmization  counter  is  delayed  to  compensate  for  the  &  timing  means  which  provides  well  defined  color 

fact  that  the  counter  operates  at  an  odd-submultiple  graphics,  particularly  in  Uie  vertical  direction,  without 

frequency  of  a  color  reference  signal.  In  this  manner,  complex  programming. 

phase  revn^  of  the  color  reference  signal  is  eliminated  30      In  the  following  description,  numerous  well-known 

a.*id  sharp  graphic  displays  are  provided  without  com-  circuits  are  shown  in  block  diagram  form  in  order  not  to 

plex  programming.  obscure  the  described  inventive  concepts  in  unneces- 

In  many  prior  art  microcomputer  controlled  displays,  sary  detail.  In  other  instances,  very  specific  details  such 

color  information  is  stored  as  four  digital  bits  which  are  as  frequencies,  number  of  bits,  specific  codes,  etc.,  are 
used  to  designate  green,  red,  blue,  and  high/low  inten-  53  providing  in  order  that  these  inventive  concepts  may  be 

sity.  The  color  generation  means  generally  includes  a  clearly  understood.  It  will  be  apparent  to  one  skilled  in 

signal  generator  for  generating  the  pure  color  signals  the  art  that  the  described  inventive  concepts  may  be 

(CW).  These  pure  color  signals  are  then  gated  and  employed  without  use  of  these  specific  details, 

mixed  in  accordance  with  the  binary  state  of  the  four  Referring  now  to  FIG.  1.  the  microcomputer  in^ 
bits  to  provide  &  color  signal  compatible  with  standard  60  eludes  a  central  processing  unit  (CPU)  or  microproces- 

television  receivers.  Generation  of  the  video  color  sig-  sor  10.  While  any  one  of  a  plurality  of  commercially 

nal  in  this  manner  is  complex  and  requires  a  substantial  available  microprocessors  may  be  employed  such  as  the 

amount  of  circuitry.  M6800  or  8080.  in  the  presenUy  prefeired  embodiment. 

The  invented  microprocessor  includes  a  recirculating  a  commercially  available  micronrocessor,  Part  No. 

shift  register  which  circulates  four  bits  of  information.  65  6502,  is  employed.  CPU  10  communicates  with  the  data 

In  this  manner  video  color  signals  are  generated  di-  bus  18  through  a  bidirectional  tri-state  buffer  12.  The 

rectly  from  digital  information  without  the  climber-  CPU  10  is  also  coupled  to  the  address  bus  20  through  a 

some  generation  techniques  employed  in  the  prior  art  tri-state  buffer  13. 
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The  microcomputer,  in  its  presently  pi^fcrred  cm-  /eference  signal  of  3.579545Mhz  on  line  58.  The  signal 
bodiment,  includes  two  memories.  The  ftrsi  is  a  12K  on  line  58  is  used  in  an  ordinary  manner  by  the  video 
(bytes)  read-only  memory  (ROM)  H  which  is  ^upied  display  and  also  is  used  as  a  feedback  synchioniiatkm 
to  the  data  bus  18.  This  ROM  may  be  a  mask  pro.-^ram-  signal  by  the  shift  register  coimter  60. 
mable  memory.  E  PROM  or  other  read-only  memrjry.  5  The  14.3Mhz  signal  on  line  33  is  divided  by  seven,  by 
The  primary  dats  storage  for  the  computer  compiisv-s  the  shift  register  co^jnter  60  to  provide  a  2+Mhz  signal 
the  random-access  memory  23.  In  the  presently  pre-  on  line  32.  This  signal  is  used  by  the  RAMs  23  of  pao. 
ferred  embodiment,  this  memory  may  contain  4K  to  1.  This  2+Mhz  signal  is  further  divided  by  divider  62 
48K  (bytes)  end  comprises  commercially  avaaable  dy-  ^divided  by  two)  to  provide  a  1  +Mhz  timing  signal  on 
namic  MOS  memories.  The  RAM  23  is  coupled  to  the  ID  iioe  4$.  This  1+Mhz  signal  in  addition  to  being  em- 
input/output  interface  means  21  via  bus  30.  the  data  bus  ployed  elsewhere  in  the  microprocessor  b  used  by 
IS  and  the  video  generator  25.  couKUrs  63  and  64. 

The  timing  signals  for  the  microcomputer  are  pro-  TJje  ••divide-by-65"  counter  63  is  used  to  provide  the 

vided  by  the  timing  and  synchronization  generator  15.  horizontal  synclironization  signals  for  the  non-inter- 
The  novel  portions  oftbJs  generator  shaU  be  described,  15  laced  dispky.  When  the  maximum  count  is  reached 
in  detail,  in  conjunction  with  FIG.  3.  This  generator  within  the  counter  63.  a  signal  is  provided  on  line  66  to 
provides  timing  signals  for  the  microcomputer,  and  shift  register  60  and  also  to  the  vertical  synchronization 
additionally,  synchronization  signals  for  the  video  dis-  counter  64.  The  counter  64  is  employed  to  divide  this 
play.  Among  thi;  signals  provided  by  the  generator  15  signal  by  262  to  paox-ide  vertical  aynchroniiation  sig- 
are  2+Mhz  timing  signals  on  lines  32  for  the  RAMs  23  20  nals. 

and  a  I4.31828Mhz  signal  on  line  33  for  the  video  gener-  Ic  the  prescnUy  preferred  embodiment,  the  disriay  b 

ator  25.  The  timing  &i\d  synchronization  generator  15  divided  into  a  65X262  aitay.  However,  25  of  the  65 
also  provides  timing  sigoals  for  the  decoder  16  and  for  horizontal  character  positioiss  arc  employed  for  blank- 
the  address  multiplexer  2S.  ing  and  70  of  the  262  lines  are  also  employed  for  blank- 

The  address  decoder  16  receives  address  signals  from  25  ing. 
the  address  bus  20  and  decode  them  in  a  well-known  It  is  apparent  from  FIG.  3  thai  the  horizontal  syn- 

manner.  The  address  decoder  16  is  coupled  to  the  ROM  chronization  signals  from  counter  53  occur  tt  a  fre- 
14  and  to  the  RAM  23.  Address  signals  aie  also  received  quency  of  approximately  15.7Mhz.  Thli  is  very  close  to 
from  the  bus  20  by  the  address  multiplexer  28  which  :hc  stsndssd  horizontal  synchrciiza^ion  rate  of 
couples  these  signals  to  the  RAM  23.  30  15,750hz.  Each  count  of  the  counter  63  includes  31 

The  input/output  interface  means  22  provides  ports  color  cycle  of  the  color  subcarrier  reference  frequency; 
which  allows  the  microprocessor  to  be  electrically  cou-  moreover,  the  tct^i  number  of  color  cycle?  pex  line  is  s 
pled  to  a  cassette  jack  or  to  a  connector  used  for  receiv-  non-integer.  As  a  rcz}:iU  the  color  subcarrier  reference 
ing  game  input/output  signals.  Known  buffers  and  tim-  signal  v^ill  be  shifted  180'  for  each  new  linft.  Urlera 
ing  means  may  be  employed  for  this  purpose.  35  some  corrective  action  is  taken  this  will  result  in  ragg^«d 

The  video  generator  25  rtceives  signals  from  the  vertical  lines.  As  wUl  now  be  described,  compensation 
input/omput  interface  means  21  and  also  fi^m  the  is  provided  by  delaying  the  occurrciice  of  the  l+Kthz 
RAM  23.  This  generator  provides  an  output  video  sig'  timing  signal  once  for  each  line  by  a  period  of  time 
nal  on  line  26.  Video  generator  25  shall  be  described,  in  corresponding  to  |  cycle  of  the  3.58Mz  subcarrier  refer- 
detail.  in  conjunction  with  FIG.  2.  40  cnce  signal. 

In  the  presendy  preferred  embodiment,  the  entire  As  shown  in  FTG.  3.  the  normal  counting  sequency 

microcomputer  of  FIG.  I  is  fabricated  on  a  single  for  the  shift  counter  60  includes  seven  states.  When  the 
printed  circuit  board.  This  board  includes  connectors  to  last  stage  of  the  four  stage  counter  contains  a  binary- 
allow  the  computer  to  be  connected  to  a  cassette  play-  zero,  a  binary-one  is  loaded  into  the  second  stage  (posi- 
back  means,  or  other  devices.  As  will  be  appreciated,  45  tion  70).  The  first  and  second  stages  receive  the  output 
numerous  well-known  interconnections,  driver  means  of  the  second  stage  when  the  last  stage  contains  a  bl- 
and other  circuits  employed  in  the  microcomputer  are  nary-zero.  Thus,  the  states  become  1110  after  the  next 
not  shown  in  FIG.  1.  For  a  detailed  description  of  cir-  shift,  and  finally  the  states  become  1111  as  indicated  by 
cuits  and  interconnections  which  may  be  employed  in        path  68. 

the  microprocessor  of  FIG.  1,  including  a  transparent  50  Each  time  a  signal  occurs  on  line  66  (every  65  cycle* 
refresh  cycle  for  the  RAMs  23,  see  "A  CRT  Terminal  of  the  1  +Mhz  signal)  tiie  normal  sequencing  within  the 
Using  The  ^6800  Family"  by  Roy  &  Morris.  Interface  counter  60  is  altered  as  shown  by  the  extended  sequence 
Age,  Volume  2.  Issue  2.  January  1977.  of  FIG.  3.  When  a  signal  occurs  on  line  66  and  when  the 

Referring  now  to  FIG .  3,  the  timing  and  synchroniza-  count  of  0000  is  reached,  the  loading  of  tlie  binary-one 
tion  generator  (timing  meanj)  includes  a  frequency  55  into  the  second  stage  (position  70)  is  delayed  for  two 
reference  source,  crystal  oscillator  51.  The  output  of  cycles  of  the  14.3I8Mhzclock.  These  two  cycles  cone- 
oscillator  51  is  coupled  to  a  buffer  52  which  provides  a  spond  to  ISO*  of  the  3.58Mhz  ugnal.  Aftrr  these  two 
14.318i$Mhz  signal  on  line  33  for  the  presently  pre-  cycles,  a  binary-one  is  then  loaded  into  the  !«cond 
ferred  emixidmient.  This  signal  is  coupled  to  the  video  stage,  followed  by  the  loading  of  binary-ones  into  the 
genemtor  of  FIG  2  as  will  be  described,  and  is  also  60  first  and  third  stages.  As  indicated  by  path  69,  a  normal 
coupled  to  the  shift  register  counter  60  and  the  divider  counting  sequence  then  occurs.  By  extending  the  count 
55.  The  divid«^  55  divides  the  ]4.31818Mhz  signal  by  within  counter  60  as  described,  compensrticm  occur* 
two,  thereby  providing  a  7.I5909Mhz  signal  on  line  56.  which  provides  vertical  color  alignment  (ivm  Une-to- 
This  signal  is  employed  by  the  niicropi*ocessor  as  a        line. 

timing  signal,  and  additionally,  is  employed  by  the  shift  65  Referring  now  to  FIG.  2,  the  video  genenOor  25  of 
register  counter  60  ;ts  a  feedback  synchronization  sig-  FIG.  1  includes  two,  four  Hi  shift  registers  36  and  37. 
nal.  The  signal  on  line  56  is  further  divided  by  two,  by  Each  of  these  four  bit  shift  registers  is  coupled  to  re- 
divider  57,  to  provide  the  standard  color  subcarrier        ceive  four  bita  of  data  on  lines  30  from  the  RAM  23. 
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The  registers  36  and  37  receive  a  load  sigoal  on  line  49  Briefly  refcrririg  again  lo  FIG.  3,  each  count  of  the 

which  causes  the  daU  on  lines  30a  through  30A  to  be  horizontal  synchronization  counter  63  corresponds  to 

shifted  info  the  registers.  The  fiist  stage  of  register  37  3J  cycles  of  the  subcarrier  reference  signal.  Thus»  a  180' 

(lo)  is  coupled  to  a  multiplexer  33  by  line  42.  The  third  phase  shift  occurs  from  character-to-chiracter  with 
stage  ofrcgister  37  (I))  is  also  coupled  to  the  multiplexer   5   respect  to  the  color  subcarrier  reference  signal.  This 

38  by  line  43.  In  a  similar  fashion,  the  first  stage  of  the  means  that  the  color  signals  must  be  shifted  by  180'  by 

register  36  (I2)  is  coupled  by  line  44  to  the  multiplexer  the  generator  of  FIG.  2.  or  the  coding  for  these  signaU 

38,  and  the  third  stage  of  this  register  (I3)  is  also  coupled  must  be  alternated  for  odd  and  even  horizontal  charac- 

to  the  multiplexer  38  by  line  45.  ter  posiuons.  In  the  presently  preferred  embodiment,  a 
Line  44  is  coupled  to  the  fourth  stage  ofrcgister  36  in  10  igo'  phase  shift  for  the  color  signals  is  obtained  by 

order  that  four  bits  of  daU  within  regwter  36  may  be  toggling  between  the  firet  or  third  steges  of  the  selected 

recirculated.  (Registers  36  and  37  shift  data  from  left  to  registers.  For  example,  assume  that  the  lower  portion  of 

right,  that  IS,  toward  ihc-j  first  stage).  The  line  42  may  a  chmacter  is  being  displayed  and  that  the  color  infor- 

bfc  selectively  coupled  to  the  fourth  stage  of  register  37  matioc  is  thus  contained  within  register  37.  Further 
through  the  multiplexer  40  in  order  that  four  bits  of  dato  '^  ^^^  ^^^  ^^  information  is  being  circulated,  that  is, 

within  register  37  may  be  recirculated.  Line  44  may  be  Une  42  coudIcs  staec  4  to  staee  t  through  the  multi- 

coupied  mrough  tfte  multiplexer  40  to  the  fourth  stage  piexer  40.  For  eveA  horizontal  character^positions,  as 

of  the  shift  register  37.  When  this  occurs,  the  shift  regis.  indicated  bv  the  signal  on  line  47,  the  phase  select  m^ilti- 

tera  36  and  37  operate  as  a  smgle  eight  bit  sfaft  register.  p^xcr  38  coooles  the  Iq  signal  to  line  26.  For  the  odd 
Control  signals  dcsigna^  as  even/odd  X  Ginc  47)  ^  -^tions,  a  180*  phase  shift  is  obtained  by  selecL^ng  the 

and  upper/lower  Y  (line  48)  are  used  to  control  multi-  |.  signal 

piexer  38.  During  the  color  graphics  mode  U.e  registers  During  a  second  mode  of  operation  the  generator  of 

36  and  37  operate  as  separate  registers  and  data  ts  alter-  pio,  2  is  used  for  providing  high  resolution  grrpUics.  In 

nately  selected  for  couplmg  to  hne  M  by  muluplexer  38.  this  case,  eight  bits  of  information  are  provUieS  by  the 

The  upper/lower  Y  sipwl  dunng  the  color  graphics  raM  23  to  the  registers  36  and  37.  For  Uns  high  r^lu- 

f7^    ^H  /         v"        t^K     ?  "1'"r^?  f  "  '^™  ■"«"= '™  «  »  ^-P'^l '°  ««  video  line  2£  ^d  the 

37.  The  odd/eveT|  X  s.gna!  thea  togg  es  the  data  from  ^^^  y,,  „f  ^^  f„^  r^„  ^  ^^  ^^^ 

the  selected  regis  er  by  alternating  se.ectmg  1„  or    ,  rf  ,h„  ^j^  jj^,  ^6  at  the  14.318Mhz  rate.  The  mnltipleter 

renter  37^selc=ted,orIaorS3^reg-.stcr  36  IS  selected.  ^  «  ,^  ^^  ^  ^  ^^  ^^^^^           of  register  37  to 

Ehmng  the  color  graph.cs  mode  as  presently  ^pe-  ^^^  J  ,  ^^,  ^  ^,  y,  ^^^  ^^^^  ^         ^ 

mented  eight  b.ts  of  color  mformatton  are  sh.ft'^  (m  ^^^  ^^  ^^^  ^„  „„„  „  ^/^g  ^^           ^ 

parallel)  mto  the  reguters  36  and  37  from  the  RAM  23  ^^  ^  j^^  „  ^^  „          .^^^  ^^^                 « 

at  a  1+Mhz  rate.  This  data  is  recircul&ted  within  regis-  JTuT^j^^t^,,  i-  .u Ii         e      j       . '^,. 

ter,  36  and  37  at  a  rate  of  I4.3Igl8Mhz  by  the  clock^  ,,  Tti  'll?.«  .^e^nln^  ''  T  ^^     embodunent. 

signal  received  on  line  33.  The  circulation  of  the  data  bk  "  ^J.^f  !',^„T'?'^  «°h  *""  "^l  «'"P<'««'"°° 

^^ithin  the  registers  36  and  37  at  this  rate  provides  sig-  ,^^^  ^^  ^=  multiplexer  33  dunng  the  color  graph- 

nikls  having  a  3.53Mhz  component  and  as  will  be  dc-  ^n.                             *     t.     i.        j-    .      ,     ,  -  ,  . 

«:ribed,  these  sig::als  may  beWiily  employed  for  pro-  ^"^  »,  microcomputer  has  been  disclosed  vwhich  is 

viding  color  ,i^  for  video  display.                             ^  particufaily  suitable  for  controlhng  a  color  video  dis- 

In  the  color  graphics  mode,   as  presently  imple-  ^  P^^'  ^^^  ^^1^  ""^^  "*^  ^'^"^^^  ^*^"  d«^"»*^ 

mentcd,  each  of  the  display  characters  is  divided  into  an  ^^^*=^  *^L°^  ^.f  ^*°"^  complicated  programmmg 

upper  and  lower  color  rectangle.  The  RAM  23  provides  ^^,«^  ^^*  allowmg  the  generation  of  horizontal 

the  four  bits  of  color  data  for  the  upper  rectangles  to  ^T^chromzatiofl  signals  at  close  to  the  stand^d  rate, 

registers  36  and  for  the  lower  rectangles  to  register  37.  45  ^^  ^^^^,  ^«^  generator  allows  the  generation  of 

This  color  data  for  the  presently  preferred  embodiment  color  signals  directly  from  digital  signals  without  the 

U  coded  as  follows:  complex  circuitry  often  employed  in  the  prior  art 

Red;  0001  *  «=^*»°** 

Pin;^  101 1  1.  In  a  microcomputer  for  use  with  a  video  display  an 

Blue;  0010                                                                    50  "^proved  timing  apparatus  comprising: 

Light  Blue;  0111  *  timing  reference  means  for  providing  a  color  refer- 

Dark  Green;  0100  «"*^  ^&^  ^^^  said  video  display; 

Light  Green;  1110  *  horizontal  synchroniyation  means  for  providing 

Brown;  1000  horizontal  synchronization  signals  for  said  display. 

Yellow;  1 101                                                                    35  s"Jd  synchronization  means  coupled  to  said  timing 

Medium  Violet;  001 1  reference  means  for  synchronization  with  said  ref- 

Medium  Blue;  01 10  erence  means  such  that  said  synchronization  sig- 

Medium  Green;  1 100  nals  occur  at  an  odd-submultiple  of  said  color  refer- 

Orange;  1001  ence  signal; 

White;  UU                                                                  60  timing  compensation  means  coupled  to  said  timing 

Grey;  1010  reference  means  and  said  horizontal  synchroniza- 

Gray;  0101  tion  means  for  adjustlig  s^id  horizontal  synchroni- 

Wben  colors  are  coded  in  this  manner  and  circulated  at  zation  signals  such  that  said  horizontal  synchroni- 

the  rate  of  14.3]8Mhz  in  the  registers,  video  color  sig-  zation  signals  are  in  plwje  relationship  with  said 

nals  compatible  with  standard  television  receivers  are  63  color  reference  signal; 

produced.  The  resultant  signal  for  red  is  shown  on  line  whereby  the  color  graphics  o:\  a  raster  scanned  cath- 

71  ofFIG.  4,  light  blue  on  line  72,  brown  on  line  73  and  ode  ray  tube  are  sharply  defined  in  the  vertical 

gray  on  hnes  74  and  75.  direction. 
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2.  The  apparatus  defined  by  claim  1  wherein  said  delay  means  for  delaying  counting  in  said  counter 
horizontal  synchronization  means  comprises  a  digital  when  the  count  in  said  counter  reaches  a  predeter- 
counter  mined  count,  said  delay  means  coupled  to  said 

3.  The  apparatus  defined  by  claim  2  wherein  said  torizontal  synchroruzation  counter  and  said  timing 
timing  compensation  means  periodically  delays  count-  ..het^weU^f^ed  color  graphics  may  be  readily 
mg  m  said  counter.  ^^^^  ^^  displayed  on  said  video  display. 

4.  The  apparatus  defined  by  claim  3  whercm  said  e.  The  apparatus  defined  by  claira  5  including  a  digi- 
color  reference  signal  is  an  approximateJy  3.58Mh2  tal  divider  for  dividing  by  an  odd-int<;£er  ccupled  be- 
signal  and  said  horizontal  synchronization  signab  occtu'  10  tween  said  reference  means  and  said  counter. 

at  a  frequency  of  approxtmatcly  I5J34Hz.  7.  The  apparatus  defined  by  claim  li  wherein  said 

5.  In  a  micixxx)mputef  for  use  with  a  video  display  an  digital  dinder  includes  a  shift  register  counter  and 
improved  timing  apparatus  comprising:  wherein  the  loading  of  digital  signals  in  said  register 

a  horizontal  synchronization  counter;  cotmtcr  is  interrupted  whea  said  predetermined  count  is 

a  timing  reference  means  for  synchronizing  said  a  'wn.'             ^^^^l      ■-<«•.• 

,         ,  -            . ,.            .        ^           *.      ,  8.  The  eoparatus  denned  bv  claim  7  wherein  said 

coum«  ana  fur  provmmg  a  coiorreierence  signal,  ^j^,  „f^^^  ^^  ^  ^  approximately  3.58Mhz 

said  reference  signal  frequency  bemg  an  odd-muiti-  signal  and  said  predetermined  count  is  reached  at  a 

pie  greater  than  the  rate  at  which  counting  occurs  frequency  of  approximately  15,734Hz. 

in  said  counter,                                                        20  •    •    •    •    • 
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[57]  ABSTRACT 

A  controller  for  interfacing  between  a  digital  computer 
and  a  magnetic  disc  recorder,  such  as  a  "floppy"  disc,  or 
other  recorder  or  memory  is  disclosed.  The  controller, 
which  permits  accessing  of  the  disc  with  minimum  con- 
trol by  the  computer,  is  realized  with  relatively  few 
components  and  is  particularly  suited  for  interfacing 
between  a  microcomputer  and  a  "minifloppy".  Track 
selection  with  a  computed  velocity  profile  is  employed. 
Synchronization  with  a  soft  sectored  disc  is  achieved 
without  additional  hardware. 

14  Claims,  6  Drawing  Figures 


"T 

Al 


Affl'2 


To    ^ysc 


40 


72      ? 


e^ 


CoAf/^TT/? 


IS 


6 

r 


.13 


^ 


70 


A^bor  S£ZScr 


50 


CdJC 


24 


47--r 


COA/TTPO^ZS/? 

25 


0 


53 


S2 


2_t 


^ 


Z7  > 


26 

7b 
S>r/scr 


2B 


'APPLE_PAT_4_210_959_01"  148  KB  2000-02-21  dpi:  300h  x  300v  pix:  1882h  x  2543v 


David  T  Craig    •    21  February  2004 


I  Page  0014  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    Jul.  1, 1980 


Sheet  1  of  4 


4,210,959 


fO- 


^. 


^ 


r 


i:  . 


o 


5l 


s 


^ 


^ 


^ 


I 


i 


I 
n 


^ 


TTJ 


lO, 


I 


z~x 


II 


I 


I 


I 

I 


n 


52 

r 


K^ 


'APPLE_PAT_4_21 0_959_02"  11 7  KB  2000-02-21  dpi:  300h  x  300v  pix:  1 760h  x  2689v 


David  T  Craig    •    21  February  2004 


I  Page  0015  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    m.  i,  i980 


Sheet  2  of  4 


4,210,959 


^P:^ 


7 


I? 


^ 
t 

^ 


S    2; 


It. 

5^ 


1 


^=X 


^ 


cy 


7 


H 


H- 


1 


III 

^1 


^ 


■g    3 


d 


o. 


II 

§1 


rO 


3^ 


4 


55 


k 


3^ 


^ 
^ 


A 


<o 


]^ 


wis 


1^ 


2       II 


"APPLE_PAT_4_210_959_03"  150  KB  2000-02-21  dpi:  300h  x  300v  pix:  1827h  x  2964v 


David  T  Craig    •    21  February  2004 


I  Page  0016  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    Jui.  i,  i98o 


Sheet  3  of  4 


4,210,959 


«o 


"7 


I 


-11 


3^ 


"7 


i 


^^ 


^ 


f\ 


^ 


'APPLE_PAT_4_210_959_04"  159  KB  2000-02-21  dpi:  300h  x  300v  pix:  1827h  x  2823v 


David  T  Craig    •    21  February  2004 


I  Page  0017  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    m.  i,  i98o 


Sheet  4  of  4 


4,210,959 


I 
I 

i_ 


^K 


kK 

II 
I 


I 


^ 

^ 


s- 


5-x 


COX 


8- 
)5« 


V 


f 
^ 


Q 


^ 


^ 


^ 


I 


I 


I 


1^ 


I 


I 


•^ 

^ 


§ 

S 


^ 


k 
I 


^ 


^ 


1 


« 


^ 


o 

^ 

1 

1 

c5' 

1 

1 

^ 

<.^ 

1 

■^ 

c^ 

« 

=\ 

vo 

Q 

11 

{^ 

V 

K 

§ 

^ 

V 

>s, 

0 

<^ 

§ 

\^ 

v: 

1 

•^^ 

^ 

^ 

^ 

*^ 

V 

k 

1 

1 

<^ 

^ 
^ 

^ 

s 

"^ 

^ 


^^ 


'APPLE_PAT_4_210_959_05"  160  KB  2000-02-21  dpi:  300h  x  300v  pix:  1809h  x  2921v 


David  T  Craig    •    21  February  2004 


I  Page  0018  of  0515 


Apple  Computer  Selected  Patents 


4,210,959 
1  2 

logic  means  (address  signals)  are  received  from  the 

CONTROLLER  FOR  MAGNFTIC  DISC,  timing  means,  recorder  and  resister.  Thus,  some  of  the 

RECORDER,  OR  THE  UKE  output  signals  from  the  logic  means  are  used  as  address 

signals  for  selecting  the  next  output  from  the  logic 
BACKGROUND  OF  THE  INVENTION  5   means. 

1.  Field  of  the  Invention  ^  method  is  described  for  synchronizing  an  n-bit 
The  inveniion  relates  to  the  field  of  controllers,  par-        digital  register  from  the  recorder.  A  synchronization 

ticularly  controllers  for  inicrfaciag  between  a  digital  field  which  comprises  a  plurality  of  codes,  each  having 

computer  and  a  magnetic  recorder  such  as  a  floppy  disc  n-bits  of  one  binary  state  and  at  least  one  bit  of  the  other 

or  other  memories.  '^  binary  state,  is  coupled  to  the  register.  The  register  is 

2.  Prior  Art  automatically  reset  each  time  a  bit  of  the  one  binary 
Numerous  controllers  are  commercially  available  for  state  is  moved  into  the  n'^  stage  of  the  register.  With  this 

interfacing  between  digital  computers  and  magnetic        synchronization  field,  the  register  automatically  be- 
disc  recorders  such  as  the  commonly  employed  floppy        comes  synchronized  with  the  codes  and  words. 

disc  recorders.  These  discs  include  a  plurality  of  end-  *'      „«,„„  ^„ „  ,«,.«  ,  «« ,™  „  ««    ,.„.,«« 

less,  concentric  tracks  used  for  storing  digital  data.  The  B^^EF  DESCRIPTION  OF  THE  DRAWINGS 

controller  typically  accepts  data  in  parallel  form  from  FIG.  1  illustrates  the  controller  of  the  present  inven- 

the  computer  and  provide?  the  data  in  serial  form  to  the        tion  interfacing  between  a  digital  computer  and  a  disc 

recorder.  Serialized  data  from  the  recorder  is  converted        driver  (recorder). 

to  parallel  form  for  the  computer.  Controllers  perform  20       p|Q   2  is  a  block  diagram  of  the  controller  of  this 

other  functions  such  as  track  sel«;tion  and  synchroniza-        present  invention. 

^**'**  FIG.  3  is  a  detailed  block  diagram  of  the  controller 

CommerciaUy    available    controllers,     particularly        logic  and  timing  means  shown  in  FIG.  2. 
those  for  floppy  disc  recorders,  are  gcncraUy  complex  piQ  4  j^  ^  ^^^  ^f  jhe  synchronization  field  used  to 

and  expensive.  Because  of  their  cost,  they  do  not  lend  25  synchronize  a  register  with  recorded  data, 
themselves  to  the  consumer  field  (e.g..  hobby  and  home  pjo   5  -^  ^         j,  JUustrating  the  format  for  each 

uses)  or  smaU  busmea  use.  As  wiU  be  seen,  with  the  ^^^^tor  of  each  Uack,  in  the  presently  preferred  embodi- 
present  mvention  a  relatively  smiple.  mexpensive  con-        ment 

troller  is  described  which  is  suitable  for  consumer  and  pio.  6  is  a  graph  illustrating  the  byte  format  em- 

smaU  business  applications.  However,  the  Pnncjples  30  p,oyed  in  the  p^sently  preferr^  embodiment, 
employed  m  the  described  controller  are  applicable  to        '^    '  *^  ^  ^ 

larger,  more  elaborate  systems.  DETAILED  DESCRIPTION  OF  THE 

Ofter  disc  controllers  provide  track  selection  signals  INVENTION 

to  the  recorder.  These  signals  control  a  stepping  moior  .  „      ^  .  ^.  •        *.        . 

which  drives  the  read-write  head  to  the  desired  track.  If  35  ^,  A  controller  for  providmg  an^  mterface  between  a 
the  motor  is  stepped  from  track-to-track,  consideisbie  ^'S*^  computer  and  a  magnetic  disc  recorder  or  other 
time  is  lost  in  selecting  non-adjacent  tracks.  In  the  prior  memory  means  is  described.  While  the  following  de- 
an, complex  means  are  used  to  allow  the  stepping  scnption  is  directed  towards  a  floppy  disc  recorder,  the 
motor  to  accelerate  and  decelerate  to  and  from  higher  invented  concepts  may  be  employed  with  other  mem- 
speeds  when  selecting  tracks  which  are  separated  from  40  <^^  »neans,  particularly  where  daU  is  recorded  m  serial 
one  another  by  some  dit^tance.  With  the  present  inven-  *<>""  such  as  in  a  charge-coupled  device  (CCD),  bubble 
tion.  a  computed  velocity  profile  is  easily  implemented,  memory,  etc.  In  the  following  description,  numerous 
thus  allowing  rapid  selection  of  non-adjacent  tracks.  specific  details  are  set  forth  such  as  specific  word 

When  a  track  is  selected,  synchronization  between  lengths,  etc..  to  provide  a  thorough  understanding  of 
the  controller/computer  and  the  data  recorded  on  the  45  ^c  present  invention.  However,  it  wUl  be  obvious  to 
track  is  necessary.  In  some  cases,  permanent  markers,  one  skilled  in  the  art  that  the  present  ii/veation  may  be 
such  as  holes,  are  included  with  each  track  to  provide  a  practiced  without  these  specific  details.  In  other  in- 
fixed reference  point.  In  "soft-sectored"  discs,  perma-  stances,  well-known  circuits  have  been  shown  in  block 
nent  markers  are  not  used.  These  discs  provide  wider  diagram  form  in  order  not  to  obscure  the  present  inven- 
ficxibility  since  the  user  is  able  to  format  the  disc  to  a  50  tion  in  unnecessary  detail. 

particular  application.  Somewhat  mtricate  hardware  is  In  ^^c  piesently  preferred  embodiment,  the  described 

used  to  provide  synchronization  with  these  soft-sec-  controller  and  method  ofsynchronization  are  employed 
tored  discs.  A  method  is  described  in  this  application  to  provide  an  interface  between  a  microcomputer  and  a 
which  provides  rapid  synchronization  for  soft-sectored  minifloppy  diic  recorder.  The  controller  is  particularly 
discs.  55  suited  for  use  in  the  consumer  field  such  as  for  home. 

_  hobbv  or  small  business  use.  In  particular,  the  presently 

BRIEF  DESCRIFnON  OF  THE  INVENTION  p.^ferred  embodiment  of  the  controller  is  employed  to 

An  interfacing  means  for  interfacing  between  a  digi-        provide  an  interface  between  an  APFLE-2  computer, 

tal  computer  and  a  magnetic  disc  recorder,  such  as  a        manufactured  by  Apple  Computer,  Inc.  of  Cupertino, 

floppy  disc  or  other  memories,  is  described.  A  serial/-  60  Calif,  and  a  SHUGART  drive.  Part  No.  SA-400.  SA- 

parallel  register  is  employed  for  communicating  with        390  or  equivalent 

the  computer  on  the  data  bus.  A  logic  means,  which  Referring  first  to  FIG.  1.  the  magnetic  disc  controller 

may  be  a  read-only  memory,  receives  input  signals  (ad-  of  the  present  invention,  shown  as  controller  12,  inter- 
dresses)  and  provides  output  signals  in  response  thereto.  faces  between  a  digital  computer  15  and  a  disc  driver 
The  logic  means  is  controlled  by  a  timing  means  which  65  16.  The  digital  computer  15  is  coupled  to  the  controller 
received  a  synchronization  signal  from  the  computer.  through  a  data  bus  13  and  throu^  an  address  bus  14. 
Oiifput  signal?  from  the  logic  means  arc  coupled  to  the  The  controller  12  is  coupled  to  the  driver  16  through  a 
register  and  to  the  timing  means.  Input  signals  to  the        plurality  of  control  and  data  lines.  The  selection  of  the 
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track  is  controlled  through  the  signals  on  lines  25, 26, 27  40  is  controlled  by  signals  coupled  to  the  register  on 
and  28,  which  are  coupled  to  the  four  phases  of  the  lines  70.  71, 72  and  73.  These  lines  originate  in  the  logic 
track-select  stepping  motor  33  through  the  track-select  and  timing  means  24.  During  the  reading  mode,  as  will 
motor  amplifiers  32.  The  motor  33  and  amplifier  32  are  be  described,  the  dara  shifted  into  the  register  is  con- 
ordinary  components  commonly  employed  in  disc  driv-  5  trolled  by  signals  on  these  lines.  During  the  reading 
crs.  mode,  the  register  40  is  automatically  cleared  when  its 
A  data  signal  for  recording  date  onto  the  disc  30  is  n'*  stage  (8th  stage)  contains  a  binary  one.  Note  that 
coupled  to  the  driver  16  through  a  line  64  which  com-  with  the  byte  format  of  FIG.  6.  the  first  bit  of  each 
municatcs  wiih  the  head  34  through  the  read/write  nibble  is  always  a  binary  one  (clock  bit).  In  the  record- 
amplifiers  31.  Data  read  from  the  disc  30  is  coupled  10  uig  mode,  data  is  shifted  into  the  register  40  from  right 
through  the  amplifier  31  to  the  controller  12  via  line  22.  to  left.  The  register  40  is  also  able  to  shift  data  from 
The  head  34  is  mov«|  by  the  stepping  motor  33  to  the  nght  to  left;  this  is  done,  as  will  be  described  in  greater 
desued,  track  on  the  disc  30.  Enablmg  signals  to  control  ^jetail,  to  sense  the  signal  on  line  17 
the  driver  16  *^^<=  <^upled  to  the  driver  from  the  control-  while  in  the  presently  preferred  embodiment  an  S-bit 
ler  12  via  lines  19  and  20.  A  wnte  protect  switch  36  15  .agister  40  is  employed,  a  l^bit  register  or  two  8-bit 
couples  a  s.gna^  17  to  the  «>"  ".Her  12  when  there  «  an  i^^ens  may  be  coupled  in  series  to  allow  the  transfer 
indication  withm  the  dnvcr  that  the  information  on  a  ^^  ^^^-^  ^^^^^  ^  an  appropriate  bus. 
particular  discis  not  to  br  eras^.  This  is  a  common  ^^  ^oo^j       ^^^^  ^  ^^^  .^  ^    , 

signa  emp byed  with  numerous  disc  drivers.  ^aa^^^  u.«  i^     j  •!.     -  .    J     •*  .     *        ^      , 

n  r       J        u-      *!.  ^11      •     J  .  -1   *!.    t.  _    «  address  bus  14  and  the  oata  bus  13,  may  be  a  read-only 

Before  descnbmg  the  controller  m  detail,  the  byte  20  ^^^„„,  ,..„k  ,.  -  vor^xM  i    .u  .i    ^'^"^'"J; 

format  employed  in  the  presentiy  preferred  emb<ii.  "^^,7  '"f  .^  ^  ^^^^-  '"  *»!*=  PJ^^^  P^*^f«"«« 
ment  should  li  described  since  it  will  enable  a  better  «°t>!>diin^t,  tlus  optionally  employed  bootetrap  mem- 
understanding  of  the  controller.  As  shown  in  FIG.  6.  °^  ^  *  ^^.^^^"^  "^^^^^^  "^  »°i?  «"^^  conditions 
the  byte  fonnat  consists  of  8-bit  nibbles.  Each  nibble  ^^  oP<^™t"»g  t^e  system  software.  The  memory  may  be 
consists  of  four  data  bits  and  four  clock  bits;  two  nibbles  25  employe^  for  the  reading  of  operating  systems  from  the 
are  required  to  store  a  byte  of  date.  The  clock  bits  are        ^^^^^  "^^  luncUons. 

always  binary  ones.  Thus,  two  consecutive  binary  zeros  The  controller  logic  and  timmg  means  24  is  able  to 

never  occur  in  a  normal  date  field;  however,  two  con-  f^"^^!*^™  '**?^  '^  "P  '°  ^P^  ^"^  provides  a  signal  on 
secutive  binary  zeros  are  employed  for  markere,  as  will  Jj"«  ^^  ^  mdicalmg.  This  signal  through  timer  52  and 
be  described.  A  nibble  doer  not  include  either  the  more  30  NAND  gate  51  prevents  the  clocking  signals  from 
significant  bits  or  the  least  significant  bits;  rather  the  ^^"6  coupled  to  line  50  unless  the  disc  is  up  to  speed, 
odd  date  bits,  D|,  D3,  D*  and  D7.  are  included  in  one  '^^^  ^^^^^  *'™«^  ^^  controls  the  disc  drive  motor  of  the 
nibble  and  the  even  date  bits.  Do.  D2,  D4  and  De.  are  recorder  via  a  signal  on  line  20.  After  date  is  written  or 
included  in  the  other  nibble.  By  distributing  the  date  biU  ^^^^  '^^  *'™^^  ^2  prevents  the  disc  motor  from  stop- 
in  this  manner,  merging  of  the  two  nibbles  into  a  stan-  35  P"*8  for  a  predetermined  period  of  time  (e.g.,  ten  sec- 
dard  byte  is  much  easier.  Note  that  if  the  nibbles  are  in  ^^^^^  ^'^^*^  t*^at  without  this  timer  a  considerable 
parallel  registers,  a  shift  in  one  direction  by  one  stege  amount  of  time  would  be  required  to  wait  for  the  disc  to 
allows  merger  of  the  two  nibbles  into  a  single  byte.  ^  brought  up  to  speed.  The  signals  on  lines  18  and  19, 

Referring  now  to  FIG.  2,  the  main  portions  of  the        which  are  stored  witliin  the  latches  42.  are  used  to  en- 
controller  12  of  FIG.  1  comprise  a  serial/parallel  shift  40  able  the  recorder,  including  itt:  disc  motor, 
register  40.  a  controller  logic  and  timing  means  24  and  ^°  ***^  presently  preferred  embodiment,  the  latches  42 

latches  42.  The  controller  logic  and  timing  means  24  is  consist  of  eight  latches  which  act  as  a  storage  means  and 
shown  in  its  presently  preferred  embodiment  in  FIG.  3.  decoding  means.  Four  lines  of  the  address  bus  14  are 
The  latches  42,  which  are  ordinary  digital  latches,  store  coupled  to  the  latches  42.  Three  of  these  lines  are  used 
date  for  selecting  modes  of  operation,  tracks  on  the  disc  45  *o  select  one  of  the  eight  latches  and  the  remaining  line 
and  other  control  signals,  as  will  be  explained  in  greater  *s  used  to  furnish  date  (binary  one  or  zero)  to  the  se- 
detail.  Also  shown  in  FIG.  2  are  a  motor  timer  means  52  lected  latch.  In  this  manner,  8-bits  of  date  are  loaded 
and  a  bootstrap  memory  45.  into  the  latches  42.  Four  of  these  date  bits  are  used  to 

The  controller  of  FIG.  2,  which  is  coupled  to  the  control  the  four  phases  of  the  track-select  motor  33 
computer  via  the  date  bus  13  and  the  address  bus  14,  SO  (FIG.  1);  these  bits  are  coupled  to  the  recorder  on  lines 
receives  a  clocking  signal  at  one  input  terminal  of  the  ^  through  28.  Two  of  these  date  bits  are  coupled  to 
NAND  gate  51  from  the  computer.  A  controller-select  lines  18  smd  19  for  generation  of  the  enabling  signals  for 
signal  on  line  47  is  coupled  to  the  register  40  and  latches  the  recorder.  The  remaining  two  bits  are  coupled  to 
42  to  indicate  that  the  controller  has  been  selected  for  lines  60  and  61  as  will  be  described  in  greater  detail  in 
operation  by  the  computer.  Other  well-known  control  55  conjunction  with  FIG.  3  to  select  a  mode  of  operation 
signals  and  lines  such  as  those  associated  with  power        for  the  controller. 

supplies  are  not  shown  in  FIG.  2.  In  typical  operation,  the  computer  through  the  con- 

The  controller  of  FIG.  2  is  coupled  to  the  recorder  trollerof  FIG.  2  senses  the  position  ofthe  head  (current 
through  the  lines  25,  26,  27  and  28,  which  are  also  track)  over  the  disc.  Specifically,  the  track  number 
shown  in  FIG.  1.  The  enable  signals  on  lines  19  and  20,  60  which  is  read  by  the  head  is  coupled  to  the  computer 
the  date  lines  22  and  64,  and  the  write  protect  switch  through  the  register  40.  T1)e  computer  is  able  to  com- 
signal  on  line  17  are  also  shown  in  FIG.  2.  pute  the  ideal  velocity  profile  for  moving  the  head  to 

The  serial/paral!el  shift  register  40  is  an  ordinary  the  desired  track  from  the  current  track  with  a  rela- 
digitel  register  for  receiving  8-bit  words,  in  parallel,  tively  simple  algorithm.  Since  all  four  phases  of  the 
from  bus  13  and  from  shifting  this  data,  serially,  onto  65  stepping  motor  33  are  controlled  through  the  latches  42, 
line  63  during  the  writing/reading  mode.  During  the  rapid  acceleration  and  deceleration,  and  higher  rates  of 
reading  mode,  date  is  serially  shifted  into  the  register  40  rotetion.  are  obteinable  when  compared  to  stepping  the 
and  then  removed,  in  parallel,  onto  bus  13.  The  register        motor  from  track-to-track. 
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To  achic^/e  an  efficient  velocity  profile  for  a  stepping  the  dato  bus  13  and  the  register  40  is  cleared.  In  the 
motor,  (he  prior  art  often  resorted  to  relatively  complex  intenm,  the  PROM  48  waits  for  a  binary  one  and  the 
hardware.  V.  ith  the  latches  42  and  its  coupling  to  the  following  bit.  Then  it  writes  this  binary  one  and  the  next 
computer  through  the  address  bus.  an  ideal  velocity  binary  bit  into  the  register  40.  The  temporary  delay  of 
profile  may  be  quickly  and  efficiently  computed  with-  5  shifting  into  the  register  is  necessary  to  provide  ample 
out  such  hardware.  time  for  the  computer  to  withdraw  the  contents  of  the 

In  FIG.  3.  the  register  40  and  the  data  bus  13  arc  register  40.  When  a  full  register  occurs,  if  the  first  bit 
again  shown.  The  controller  logic  and  timing  means  24  sensed  by  the  PROM  is  a  zero,  it  is  efTectively  skipped, 
of  FIG.  2  comprises  a  logic  means  48  and  a  timing  although  shifting  a  zero  into  the  empty  register  would 
means  43.  The  logic  means  48  may  be  any  logic  means  10  not  affect  the  operation  of  the  device.  In  this  manner, 
adaptable  for  receiving  input  signals  and  for  providing  nibble  after  nibble  is  read  from  the  disc,  shifted  serially 
predetermined  output  signals  in  response  thereto.  Thus,  into  the  register  40  and  then  removed  in  parallel  onto 
ordinary  logic  gates  or  other  known  logic  arrays  may  the  daU  bus  13.  The  PROM  48  provides  the  logic  to 
be  used.  In  the  presently  preferred  embodiment,  a  read-  insure  the  shifting  of  the  correct  binary  bits  into  the 
only  memory,  specifically  a  PROM,  is  employed.  The  15  register  40  as  a  function  of  the  signal  on  line  22,  which 
timing  means,  in  the  presently  preferred  embodiment,  is  coupled  to  the  PROM  on  line  62. 
comprises  four  (4)  latches  which  are  controlled  by  the  In  the  recording  (writing)  mode,  the  mode  select 

clocking  signal,  line  50.  signal  (10)  is  applied  to  the  PROM  48  op  lines  6G  and  61. 

The  logic  means  (PROM)  48,  in  the  presently  pre-  (Previously,  each  nibble  is  shifted  into  the  register  40,  in 
ferred  embodunent,  comprises  a  256-byte  memory  20  parallel,  from  the  computer  during  the  write  load  mode 
which  provides  an  8-bit  output  on  lines  70  through  77  (11).)  Every  eight  clock  cycles,  the  signals  on  lines  70 
for  each  8-bit  address  received  on  lines  60  through  67.  through  73  cause  the  register  40  to  shift  its  contents  to 
The  specific  functions  controlled  by  the  PROM  shall  be  the  right  by  one  stage.  For  each  such  shift,  the  next  bit 
discussed  below.  The  specific  program  stored  within  in  the  register  is  coupled  to  line  63.  The  signal  on  line  63 
the  PROM  48  for  the  currently  preferred  embodiment  is  25  determines  the  output  signal  from  the  PROM,  and  par- 
shown  in  TABLE  I.  ticularly,  the  signal  on  line  74  which  is  coupled  to  the 

Two  <  f  the  address  signals  to  the  PROM  ^S  are  cou-  recorder  via  line  64  after  passing  through  latches  43. 
pled  from  the  latches  42  of  FIG.  2  on  lines  60  and  61.  Each  of  the  8-bits  are  thus  shifted  from  the  register  40 
TTiese  signals  select  the  four  possible  modes  of  opera-        and  supplied  to  the  recorder. 

tion;  specifically,  read  (00).  sense  write  protect/write  30  In  the  presently  preferred  embodiment,  the  mode 
initialize  (01),  write  (10)  and  write  load  (11).  Another  select  signals  change  to  11  for  the  loading  of  the  register 
ii.put  to  the  PROM  48,  line  62,  is  the  signal  sensed  by  40  from  the  data  bus  13.  Note  that  this  is  not  necessary, 
the  recorder  head  which  is  coupled  to  the  controller  on  and  that  the  computer  could  directly  communicate  with 
hne  22.  An  ordinary  edge  detector  77  is  used  for  delect-  the  register  40  for  purposes  of  loading  data  into  the 
ing  the  edge  of  this  signal  and  for  providing  a  binary  35  register. 

signal  on  line  62.  The  input  signal  on  line  63  is  the  serial  During  the  sense  write  protect/write  initialize  mode, 

output  from  the  register  40.  The  remaining  four  address  the  signal  on  line  17  is  shifted  to  the  left  by  the  register 
signals  to  the  PROM  48,  lines  64,  65,  66  and  67  are  40  and  sensed  by  the  computer.  In  this  manner,  the 
output  signals  from  the  latches  43.  computer  can  determine  if  the  particular  disc  on  the 

As  is  apparent  from  FIG.  3,  four  of  the  eight  bits  of  40  recorder  should  not  be  written  onto  and  provide  an 
output  from  the  PROM  48  provide  address  signals  for  appropriate  indication  to  the  operator.  Other  data  or 
the  PROM  The  signals  on  lines  75  through  77  provide  signals  may  be  transmitted  on  line  17  where  appropri- 
input  address  signals  for  lines  63  through  67.  One  of        ate. 

these  lines,  line  64,  also  provides  the  recording  signal  As  mentioned,  in  the  presently  preferred  embodi- 

for  recording  data  onto  the  disc.  45  ment,  a  soft-sectored  disc  is  employed.  When  the  re- 

Assume  that  the  controller  is  in  the  reading  mode  as  corder  is  first  selected,  signals  from  the  disc  are  coupled 
determined  by  the  00  signal  applied  to  the  PROM  48  on  through  lines  22  and  62  to  the  PROM  48  (reading 
lines  60  and  61.  The  latches  43  operate  at  twice  the  mode).  These  are  shifted  into  the  register  40.  One  prob- 
cycle  rate  of  the  microprocessor  which  corresponds  to  lem  with  a  soft-sectored  disc  is  that  there  is  no  immedi- 
a  rate  eight  times  faster  than  the  bit  cell  disc  rate;  thus  50  ate  way  of  determining  where  in  a  nibble  reading  first 
the  latches  continually  release  address  signals  to  the  occurred.  Some  means  or  method  must  be  provided  to 
PROM.  Initially,  the  register  40  is  empty  (all  zeros).  In  align  or  synchronize  the  shifting  of  the  daU  into  the 
the  presently  preferred  embodiment,  if  a  transition  oc-  register  40  with  the  nibbles  recorded  on  the  disc, 
curs  on  line  62  in  11  or  fewer  of  such  latch  cycles,  a  Referring  to  FIG.  4,  a  self-synchronizing  field  of 

binary  one  is  recognized  and  the  PROM  provides  an  55  coded  words  are  employed  to  provide  synchronization, 
output  on  lines  70,  71,  72  and  73  which,  after  decoding  Each  word  consists  of  eight  binary  ones  followed  by  a 
by  the  decoder  40a,  shifts  a  binary  one  in  the  first  stage  binary  zero.  This  self-synchronization  field,  in  a  more 
of  the  register  40.  If  twelve  such  cycles  occur  without  a  general  form,  consists  of  n-binary  ones  where  n  corre- 
transition,  a  zero  is  shifted  into  the  register  40.  (As  will  sponds  to  the  number  of  stages  in  the  register  followed 
be  descnbed  later,  if  the  first  bit  is  a  zero  it  will  be  60  by  at  least  one  binary  zero.  As  will  be  seen  with  these 
skipped).  This  continues  until  the  register  is  full.  Count-  n  -H 1  codes,  the  register  40  resets  with  every  n  bits  until 
ing  effectively  occurs  by  the  repeated  addressing  of  the  the  first  bit  is  a  binary  zero.  Then  the  register  resets  with 
PROM  as  the  signals  pass  through  the  latches  43.  every  n+ 1  bits. 

The  computer  senses  a  full  register  by  polling  the  Referring  to  FIG.  4,  assume  that  the  disc  includes  the 

data  bus  and  by  specifically  determining  if  a  binary  one  65  above-described  synchronization  field.  Assume  further 
is  in  the  n'*  stage  of  the  register.  As  mentioned,  the  first  that  reading  begins  where  indicated  by  the  start  line, 
bit  of  each  nibble  is  always  a  binary  one.  When  the  This  first  binary  one  is  shifted  into  the  register  40  of 
register  is  full,  the  computer  removes  the  data  through        FIG.  3.  Eight  bits  later  the  first  reset  occurs  and  the 
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register  automatically  clears  since  a  binary  one  is  in  the  check  will  be  serially  moved  through  the  register.  The 

n'f  stege.  Following  th-s,  eight  bits  later,  the  second  marker  AM3  will  not  be  r^gnucd  smce  syncl^mza. 

reset  cicurs.  The  third  reset  occurs  eight  bits  later  as  tion  has  not  yet  occurred.  Following  the  gap  85  a  syn- 

indicated  in  FIG.  4,  and  fmally.  the  fourth  reset  occurs.  chronization  field  is  reached  and  synchromzation  oc- 

(Wh-n  the  fourth  reset  occurs,  a  binary  zero  is  in  the  5   curs.  Then  the  data  field  markers  DMi  and  DM2  ar* 

first  itage  of  the  register.)  From  the  next  bit  forward  the  recognized.  However,  since  they  were  not  preceded  by 

register  will  automatically  clear  every  n+ 1  bitt  Uter.  an  appropriate  address  marker,  the  data  which  foUowed 

and  thus  the  register  wUl  be  completely  cleared  when  is  ignored.  After  a  gap  (correspondmg  to  gap  79),  a 

the  address  maker  (AMi)  reaches  the  register.  Likewise,  synchronization  field  (corrcsponcmg  to  synchroniza- 

if  reading  begins  before  the  synchronization  field,  syn-  10  tion  field  80)  is  reached,  av.d  synchronization  occurs, 

chronization  wUI  be  achieved  before  the  end  of  the  The  markers  AMi  and  AM2  are  recognized  allowing 

U^y  the  identification  of  the  volume,  track  and  sector.  Then 

In  the  presently  prefeaed  embodiment,  each  of  the  the  data  stored  within  that  volume,  track  and  sector  will 

Uacks  is  divided  into  II  sectors;  one  such  sector  is  be  read,  if  required. 

shown  in  FIG.  5.  Each  sector  includes  gaps,  such  as  gap  15      Thus,  a  controller  for  interfacing  between  a  digital 

79,  to  compensate  for  variations  in  the  disc  rate,  since  computer  and  a  recorder,  or  the  hkc,  has  been  de- 

the  disc  is  not  always  driven  precisely  at  the  same  rate  scribed.  A  minimum  of  hardware  is  required  to  fabri- 

of  rotatjon.  cale  the  controller.  Synchronization  with  a  soft-sec- 

Following  the  gap  79,  there  is  a  synchronization  field  tored  disc  is  achieved  without  additonal  hardware  by 

80  which  corresponds  to  the  field  shown  in  FIG.  4.  20  reading  a  predetermined  self-synchronization  field  from 

While  in  theory  only  8  codes  of  n  binary  ones  and  a  the  disc, 

binarv  zero  are  required  to  synchronize  the  register.  TABLE  I 

eleven  such  codes  are  used  within  the  synchronization  ^ 3^      oa     OA    OA     QA 

field  80  to  assure  synchronization.  ^     ^^         3^          ,g         3^       ,g       3B      ,g      3B 

Following   the   synchronization   field,   the   address  25  ^^^     ^^         jg         ^g         38      oa      OA     OA      OA 

marker  identified  as  AM]  appears  on  the  track.  This  C718-     IS         W         18         39       18       3B      IS      3B 

n^arker  is  used  to  indicate  that  an  address  follows.  In  the  C720-     OD       OD       28         «      ^^     OA     OA     OA 

presently  preferred  embodiment,  two  consecutive  ad-  C72S-     28         «         2J         «      zs^     ^^     ^^      ^ 

dress  markers  are  employed  as  shown  by  AM]  and  ^^^      ^^         ^         ^g         48      28      48      28      48 

AM2.  The  address  markers  are  distinct  and  immediately  30  ^740-    OD        OD        58         C8     OA     oa     oa     oa 

recognized  by  the  computer.  As  previously  mentioned  C748-     58         78         58         78      58       78       58      78 

with  the  normal  data  field  and  other  information  on  the  C750-     58         T8         58         78      OA     OA     oa     oa 

disc,  every  other  bit  is  a  clock  bit  (binary  one).  Thus.  ^^      ^^        ^^^        ^g         ^      p^      0^     OA      oa 

two  binary  zeros  do  not  occur  in  succession.  However,  ^^^     (^         gg         gg         88       63      08       68       88 

each  marker  includes  both  a  missing  clock  bit  and  data  35  C770-     68  88         68         88      oa     oa     oa     oa 

bit.Ifreadingbeingsinthemiddleofadatanibble.only  C778-     68         W         68         88      M      ^      M       M 

a  daU  bit  or  a  clock  bit  may  be  missing,  but  not  both.  g|^     ^J'        ^^         ^^         g,      ,g       gg     ^g       ag 

Thus,  the  computer  cannot  mistake  data  or  other  infor-        ^^^^     ^g  bq        9g         b8      oa     OA     OA     OA 

raation  for  markers.  C79B-     98         B9        98         B9     98      BB     98      — 


After  the  computer  senses  the  address  markers,  it  40  C7AO-  OD  ^  C8  C8  OA  OA  oa  ^ 
then  knows  that  address  information  fellows.  Three  g^  ^  ^^  *J  ^^  q^  ^^  O^  OA 
words  consisting  of  a  volume  number,  a  track  number        ^gg     ^g        ^^.g         ^g        ^8      A8     C8      A8 


C8 


and  a  sector  number  (shown  as  words  81,  82  and  83,  C7CO-   D9        FD        D8        F«      OA     OA     OA     OA 

respectively)  are  read  from  the  discs  to  provide  an  ad-  C7C^D8        F8^        D8        ^      ^It     F8^     D«(      F8^ 

dress.  Following  the  sector  number,  an  error  check  is  45  g^  d8        F8        D8        F8      db     F8      D8     F8 

made  on  the  volume,  track  and  sector  numbers.  In  the  CTEO-    ID        DD       E8        EO     oa     OA    OA     OA 

presently  preferied  embodiment,  an  exclusive  ORing  of  C7E8-    E8         88         E8        08      ES      88      E8      08 

these  three  numbers  is  employed  and  checked  with  the  CTFO-   id        ep        E8        EO     OA    oa    OA    oa 

error  check  word  84.  A  third  address  marker.  AM3,  is  C7F8.    E8         88         E8        08      E8ME808 

used  in  the  presently  preferred  embodiment  to  close  the  50 • "     ~ 

address  field. 

Next  the  data  field  begins,  starting  with  a  gap  85.  I  claim:                               <■      •  .  ^    •       i^*«,.^„  « 

Following  the  gap  85.  synchronization  is  again  required  1-  An  mterfacmg  means  for  interfacing  between  a 

and  thus  a  synchronization  field,  such  as  the  field  80,  is  digital  computer  and  storage  device  such  as  a  magnetic 

repeated.  Two  data  markers  86  and  87  are  used  to  intro-  55  disc  recorder,  compnsmg:                               „  ,  •       , 

duce  the  stored  data  88.  In  the  presently  preferred  em-  register  means  havmg  a  plurahty  of  parallel  mput- 

bodiment    256  8-bit  words  (256  nibbles)  are  stored  /output  lines  for  coupling  to  s^d  computer  and  a 

within  data  88.  Then  an  error  check  is  made.  serial  mput/output  line  for  coupling  to  said  storage 

No  matter  where  reading  begins  within  the  address  device,  said  register  means  also  having  a  control 

field  or  data  field  of  FIG.  5.  synchronization  is  achieved  60  means  having  a  plurality  of  register  control  lin« 

before  the  computer  accepts  data.  Tlie  computer  will  for  coniroUing  transfer  of  data  to  and  from  said 

not  accept  any  data  (including  addresses)  unless  it  is  register  means^                        ,,      .  .       ,  r           . 

preceded  by  a  recognized  marker.  To  recognize  a  latch  means  havmg  a  plurality  of  latch  mput  lines  and 

marker,  the  marker  must  be  properly  aligned  within  the  a  plurality  of  latch  output  hiK».  said  latch  means 

^cs  of  the  register  40                                                  65  for  controUing  the  How  of  digital  signals  between 

By  way  of  example,  if  reading  begins  in  the  middle  of  latch  input  lines  and  latch  output  Unes  m  response 


the  volume  number,  the  data  corresponding  to  this  to  a  tuning  signal.  .^  .    .       .      , 

number,  the  track  number,  sector  number  and  error  clock  means  for  generating  said  timmg  signal 
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read-only  memoiy  means  having  an  address  means 
with  a  plurality  of  address  input  lines,  and  a  plural- 
ity of  data  output  lines,  said  read-only  memory 
means  for  receiving  input  signals  on  said  address 
input  lines  and  for  providing  predetermined  output 
signals  on  said  data  output  lines  in  response  thereto; 

a  portion  of  said  read-oiily  memory  means  data  out- 
put lines  being  coupled  to  said  register  control 
means  via  said  register  control  lines  for  controlling 
data  flow  to  and  from  said  register,  another  portion 
of  said  read-only  memory  means  data  output  lines 
being  coupled  to  said  latch  means  input  lines,  said 
latch  means  output  lines  being  coupled  to  said  ad- 
dressing means  via  a  portion  of  said  read-only 
memory  means  address  lines  for  providing  a  por- 
tion of  an  address  thereto  such  that  some  of  said 
output  signals  from  said  read-only  memory  means 
are  employed  as  next  address  signals  to  said  read- 
only memory  means  in  response  to  said  timing  20 
signal; 

said  interfacing  means  further  including  means  for 
coupling  the  addressing  means  via  another  portion 
of  said  read-only  memory  means  address  lines  to 
said  computer  whereby  said  computer  may  com- 
municate with  said  storage  device  through  said 
interfacing  means. 

2.  The  interfacing  means  defined  by  claim  1  including 
storage  means  for  receiving  digital  signals  from  said 
computer  and  for  providing  control  signals  to  said  stor- 
age device  for  controlling  track  selection,  said  storage 
means  being  coupled  to  said  computer  and  said  storage 
device. 

3.  The  interfacing  means  defined  by  claim  2  wherein 
said  means  for  coupling  the  addressing  means  via  a  35 
portion  of  said  read-only  memory  address  lines  to  said 
computer  comprises  said  storage  means. 

4.  The  interfacing  means  defined  by  claim  3  wherein 
said  input  signal  to  said  read-only  memory  means  from 
said  storage  means  is  used  to  select  a  reading  mode  or  a  ^ 
recording  mode. 

5.  The  interfacing  means  defined  by  claim  4  wherein 
said  storage  means  comprises  digital  latches. 

6.  The  interfacing  means  defined  by  claim  5  wherein 
said  computer  has  an  address  bus  and  a  data  bus  and 
wherein  said  ditigal  latches  are  coupled  to  said  address 
bus  of  said  computer. 

7.  The  interfacing  means  defined  by  claim  I  wherein 
at  least  one  of  said  output  signals  from  said  read-only 
memory  means  is  coupled  to  said  storage  device  to 
provide  a  signal  for  a  writing  mode. 

8.  The  interfacing  means  defmed  by  claim  7  wherein 
said  register  means  serially  provides  a  digital  signal  on 
said  serial  input/output  line  as  one  of  said  address  inputs  ^5 
to  said  read-only  memory  means  during  said  writing 
mode. 

9.  The  interfacing  means  defmed  by  claim  8  wherdn 
said  output  signals  from  said  read-only  memory  means 
controls  the  serial  loading  of  a  digital  work  into  said  60 
register  means  during  a  reading  mode. 

10.  The  interfacing  means  defined  by  claim  1  wherein 
said  register  means  receives  digital  words  in  parallel 


50 


11.  The  interfacing  weans  of  claun  1  wherdn  said 
leveral  input/output  line  of  said  register  means  is  cou- 
pled to  said  recorder  through  said  latch  means  and  said 
read-only  memory  means. 

12.  An  interfacing  means  for  interfacing  between  a 
digital  computer  and  storage  device  such  as  a  magnetic 
disc  recorder,  comprising: 

register  means  having  a  plurality  of  parallel  input- 
/output  lines  for  coupling  to  said  computer  and  a 
serial  input/output  line  for  coupling  to  said  storage 
device,  said  register  means  also  having  a  control 
means  having  a  plurality  of  register  control  lines 
for  controlling  transfer  of  data  to  and  from  said 
register  means; 

latch  means  having  a  plurality  of  latch  input  lines  and 
a  plurality  of  latch  output  lines,  said  latch  means 
for  controlling  the  flow  of  digital  signals  betv/een 
latch  input  lines  and  latch  output  lines  in  resp^onse 
to  a  timing  signal; 

clock  means  for  generating  said  timing  signal; 

read-only  memory  means  having  an  address  means 
with  a  plurality  of  address  input  lines,  and  a  plural- 
ity of  data  output  lines,  said  read-only  memory 
means  for  receiving  input  signals  on  said  address 
input  lines  apd  for  providing  predeterromed  output 
signals  on  said  data  output  lines  in  response  thereto; 

a  portion  of  said  read-only  memory  means  data  out- 
put lines  being  coupled  to  said  register  control 
means  via  said  register  control  lines  for  controlling 
data  flow  to  and  from  said  register,  another  portion 
of  said  read-only  memory  means  data  output  lines 
being  coupled  to  said  latch  means  input  lines,  said 
latch  means  output  lines  being  coupled  to  said  ad- 
dressing means  via  a  portion  of  said  read-only 
memory  means  address  lines  for  providing  a  por- 
tion of  an  address  thereto  such  that  some  of  said 
output  signals  from  said  read-only  memory  means 
are  employed  as  next  address  signals  to  said  read- 
only memory  means  in  response  to  said  timing 
signal, 

said  interfacing  means  further  including  means  for 
coupling  the  addressing  means  via  another  portion 
of  said  read-only  memory  means  address  lines  to 
said  computer,  said  read-only  memory  means  being 
coupled  to  receive  a  data  signal  from  said  storage 
device  as  an  address  input  on  one  of  said  address 
input  lines  during  reading  of  data,  said  read-only 
memory  means  being  coupled  to  said  serial  input- 
/output  line  of  said  register  means  to  receive  a  data 
signal  from  said  register  means  as  an  address  input 
on  another  of  said  address  input  Unes,  and  one  of 
said  read-only  memory  data  output  lines  being 
coupled  to  said  storage  device  to  provide  a  data 
signal  thereto  during  recording  of  data,  whereby 
said  computer  may  communicate  with  said  storage 
device  through  said  interfacing  means. 

13.  The  interfacing  means  defmed  by  claim  12 
wherein  said  control  signal  for  said  latching  means  com- 
prises a  synchronization  signal  from  said  computer. 

14.  The  interfacing  means  defmed  by  claim  12  includ- 
bg  storage  means  coupled  to  said  computer,  said  read- 
only memory  means  and  said  storage  device  for  receiv- 
ing signals  from  said  computer  for  controUing  track 
selection  by  said  storage  device  and  for  selecting  said 


form  from  said  computer  and  serially  couples  said 

words  to  said  read-only  memory  means  during  a  writing  65  recording  or  reading  of  data. 

mode.  .    •    .    . 
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[57]  ABSTTRACT 

An  apparatus  for  digitally  controlling  the  display  of 
color  in  a  phase  alternation  line  (PAL)  video  display  is 
disclosed.  Coded  digital  signals  are  shifted  in  a  recircu- 
lating shift  register.  The  direction  of  shifting  in  the 
register  and  the  stage  at  which  the  signals  in  the  register 
are  sensed  are  changed  as  a  function  of  odd/even  dis- 
play lines  to  compensate  for  PAL  phase  reversals. 

12  Oaima,  6  Drawing  Figures 
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APPARATUS  TOR  DIGITALLY  CONTROLLING  ^^^^  DESCRIPTION  OF  THE  DRAWINGS 

PAL  COLOR  DISPLAY  FIG.  1  is  a  general  block  diagram  of  the  microcom- 

puter which  generates  the  digital  signals  used  to  control 
BACKGROUND  OF  THE  INVENTION  5   the  video  display. 

1   T?   I J    i>  .u    r        ^  f'lG.  2  is  a  block  diagram  and  circuit  diagram  of  the 

1.  rieiu  ot  tne  invention  :_  .      .  r.  ^^l  .  • 

— .     .  ,        ^     .*-,.•,..    „  ,  mfiproved  color  generation  means  of  the  present  inven- 

The  invenr^ofi  relates  to  the  field  of  digitally  control.        ^^^^  j^e  circuit  employed  to  provide  a  continuous 

Img  video  displays.  -burst"  signal  and  the  timing  and  synchronization  gen- 

2.  Pnor  Art  ,0  orator. 

With  the  reduced  costs  of  large  scale  integrated  cir-  FIGS.  3a,  3b,  3c,  and  3(/  are  a  series  of  diagrams  used 

cuits.  It  has  become  possible  to  provide  low  cost  mi-  to  illustrate  the  efTecU  of  shifting  digital  signals  in  a 

crocomputers  suitable  for  home  use.  One  such  use  rcgisterindiflerentdirectionsandof  sensing  the  signals 
which  has  flourished  in  recent  years  is  the  application  of  at  different  stages  in  the  register.  These  diagrams  are 
microcomputers  to  video  displays  for  games,  graphic  15  used  to  explain  the  operation  of  the  color  generation 

displays  and  the  like.  Most  often  an  ordinary  television  means  of  FIG.  2. 

receiver  is  employed  as  the  vidso  display  means.  The  DETAILED  DESCRIPTION  OF  THE 

standard,  raster  scanned  cathode  ray  lubes  employed  m  INVENTION 
these  receivers  present  unique  problems  in  the  intercon- 

nectintt  of  these  displays  with  the  digital  information  ^      ^^  unproved  color  generation  means  particularly 

provided  by  the  microccmputcr.  "'"^  ^^^  use  with  a  phase  alternation  line  (PAL)  video 

These  receivers  are  designed  to  operate  with  one  or  ^»Pl»y»f  J»  "  «  PAL-compatible  television  receiver  is 

more  standard  video  broadcasting  schemes  such  as  ''.^'1*?'-*,  ^"  "^^  ^°"°^"«  description  numerous  spc- 

PAL.  In  copending  application  Ser  No.  now  U.S.  Pat  „  Sk  J.^^f.Th  .."tr^H  ^J^'^^'^T  !f  ?"^^'  ""i 
w«  J  ii<  i<o-Qi:  7^  ri  J  A  1*  tft-.-.  .-1  .«m*-  "  bits  arc  set  forth  to  provide  a  thorough  understanding  of 
No^J36  359  ;86,197.rUcd  Apr  U,  1977  entitled  "M,-        ^^  ,  j^^^^j^^    ^^^^^„^  -/^^^  ^  obvious  to 

crocomputer  For  Use  With  Video  D^^play".  and  as-  one  skilled  in  the  art  that  the  invention  may  be  practiced 
signed  to  the  assignee  of  this  application,  i  digitally  without  these  speciHc  details.  In  other  instances,  well- 
controlled  display  is  described.  This  tarlier  filed  appli-  known  circuits  such  as  logic  circuits  and  timing  circuits 
cation  deals  in  part  with  the  generation  of  color  signals  30  have  not  been  set  forth  in  detail  in  order  not  to  obscure 
for  the  television  broadcasting  system  employed  in  the  the  present  invention  in  unnecessary  detail. 
United  States  and  some  other  countries*  referred  to  as  Throughout  this  application,  reference  is  made  to  the 

the  National  Television  Systems  Coirinittce  (NTSC)        PAL  broadcasting  system  or  standard  (or  PAL  signal). 
standard.  Since  nuricrous  details  associated  with  PAL  broadcast- 

In  many  parts  of  the  world  and  particularly  in  Eu-  ^^  "*S  *re  well-known  to  one  skilled  in  the  art.  they  are  not 
rope,  a  phase  alternation  line  (PAL)  system  is  employed  ***  ^°^^  "*  ^^^  present  application.  Numerous  texts  and 
for  television  broadcasting.  The  PAL  raster  scan  dis-  Patents  describe  this  broadcasting  system  in  deUil.  For 
plays  employ  difTcrent  signals  (e.g.  different  frequea-  e^ampIc  «c  Receiving  PAL  Colours  Television  by  A.  G. 
cics,  format,  etc.)  than  the  NTSC  standard.  The  subject  P"«V*y*  published  by  Fountain  Press.  England,  1974. 
of  this  application  is  a  unique  means  for  generating  **  !°  '^  P^^^n^y  preferred  embodiment,  the  improved 
color  signals  in  a  digital  manner  which  ar^  ««npatiblt        '^Z.f!!T''''^  """'  present  invention  is  in- 

with  a  PAL  display  such  as  an  onlimiry  PAL  compati-  E^/f^"^  "^^^  «  microcomputer  which  generates  a 
. ,    .  1  ^  :  »*"""7  *  i-ki^  vviupau  p^j^  compatib.'s  video  signal  which  may  be  directly 

blc  tekv«,on  receiver.  „„p,^  ^^  ,^j„j  p  «L  television  rLiver.  Th^ 

SUMMARY  OF  THE  INVENTION  **  microcomputer  which  is  sold  under  the  trademark  "Ap- 

.      .  -      -  pie"  includes  many  modes  of  operation,  however,  only 

An  unproved  color  generation  means  for  a  video  the  generation  of  the  color  video  signal  and  its  related 
display  is  described.  The  color  generation  means  is  circuitry  arc  part  of  the  present  invention.  Thus,  many 
particularly  useful  with  a  digital  computer  which  pro-  aspects  of  this  microcomputer  arc  not  discussed  in  the 
vides  digital  signals  for  controlling  a  raster  scan  display  50  present  application.  It  will  be  apparent  to  one  skilled  in 
where  the  display  is  adapted  for  functioning  with  a  the  art  that  anyone  of  a  plurality  of  other  commercially 
standardized  video  signal  such  as  a  PAL  signal.  The  available  microcomputers  may  be  used  with  the  in- 
improved  color  generation  means  includes  a  circuit        vented  color  generation  means. 

means  for  providing  a  signal  representative  of  the  odd  ^"  FIG.  1  the  microcomputer  includes  a  microproces- 

and  even  lines  on  the  display.  A  recirculating  shift  regis-  ^'  ^^  ^^  central  processing  unit  (CPU)  10.  In  the  presently 
ter  means  is  employed  which  is  capable  of  selectively  preferred  embodiment,  a  commercially  available  micro- 
recirculating  digital  signals  in  both  directions.  Coded  processor  Part  NumbCT  5502.  is  used.  The  CPU  10  com- 
digital  signals  when  read  from  the  register  means  pro-  """^cat"  through  bidirectional  tristate  buffere  (not 
vide  a  video  color  signal  since  shifting  in  the  register  „  !""f'|f ^^)  ^^^  a  dau  bus  24.  The  microcomputer 
means  occurs  at  a  frequency  compatible  with  tbf  dis-  "  ,":!L^i!lJr  "rT»*S^?*;f.^^^^^ 


Dlav  Thr  «.^J^r  ml««nr^     i^iT  .K     -       .  read-only  memory  (ROM)  12  which  is  coupled  to  the 

r«^h  .I^r.h.^1  T  ^^       ?  ^^^^"^'T^^  ^^  *>"»  24.  Tliis  memory  is  used  for  progrL  storage. 

Z^  i^t^K  .h*^  represenuuve  of  the  odd  and  even  rht  second  memory  is  Jed  for  generkl  storage  for  the 

lines  selects  the  direction  of  the  recirculation  m  the  microcomputer  and  comprises  the  random-access  mem- 
register.  A  multiplexmg  means  is  employed  to  select  65  ory  22.  This  memory,  in  the  commercial  embodimente 

alternate  stages  of  the  register  means.  In  this  manner  of  the  microcomputer,  contains  between  4  K  to  48  K 

compensation  for  the  color  signal  phase  reversals  of  the  (bytes)  and  consists  of  commercially  available  dynamic 

coded  digital  signals  is  provided.  MOS  memories. 
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Tb«  address  decoder  18  receives  address  dgnals  from  signal  on  line  47  with  a  ±45*  phase  shift  for  odd/even 
the  address  bus  19  ani  decodes  them  in  a  well-known        lines. 

manner.  The  addre:»a  cf  :co<?er  18  is  coupled  to  the  ROM  As  presently  implemented,  an  odd  number  of  charac- 

12  and  RAM  22.  /  ddre&s  signals  on  the  bus  19  are  also  ters.  each  of  equal  width,  are  displayable  on  the  display 
coupled  to  the  address  multiplexer  20.  This  multiplexer  5  in  the  horizontal  direction.  However,  the  width  of  each 
couples  address  sijcnals  to  the  RAM  22.  of  these  characters  is  not  an  integer  number  of  color 

TTie  input/output  (interface)  unit  14  provides  ports  reference  frequency  cycles.  For  this  reason,  compensa- 
which  allow  the  microcomputer  to  be  electrically  cou-  tion  from  character-to-character  for  the  video  color 
pled  to  a  cassette  jack,  floppy  disc  or  to  other  electrical  signal  (line  70)  must  be  provided.  A  signal  is  developed 
means.  Known  buffers  and  timing  means  arc  employed  10  on  line  73  by  the  odd/even  character  detector  72  for 
for  this  purpose.  this  purpose.  This  detector  receives  the  continuous 

The  video  generator  1«  receives  signals  from  the  "burst"  signal  (line  47)  and  also  the  horizontal  Unc 
input/output  means  14  and  also  from  the  RAM  22.  This  <^^^  Oines  53).  At  the  beginning  of  each  character  as 
generator  provides  video  signals  for  the  display.  A  determined  by  the  horizontal  count  (this  is  also  the  time 
portion  ofthis  generator  particularly  that  portion  which  '^  «'  *^ch  color  daU  is  loaded  into  the  shift  register  60 
generates  the  PAL-compatible  color  signal  is  discussed  *"*™  ^*  multiplexer  55)  the  "burst"  signal  is  examined. 
in  detail  in  conjunction  with  FIG.  2.  ^^^^^  *'Sn*I  is  m  its  high  state  or  low  state  a  signal  of  a 

lu  no.  2  a  timing  and  synchronization  generator  29  **"*  ^^^^y  '**"=  »  coupled  to  line  73.  If  the  signal  is  in 
is  illustrated  which  provides  the  timing  signals  for  the  ■  transition,  a  signal  of  the  second  binary  state  is  cou- 
computer  on  Unes  37  and  for  a  display  coupled  to  the  ^0  P^^  *«  ^^^  '3.  Obviously,  ordinary  logic  means  may  be 
microcomputer.  Ordinary  timing  means  may  be  cm-        employed  to  miplement  the  odd/even  character  dctec- 

ploycd  for  the  generator  29.  A  crystal  35  is  used  to        *°!«       -^ 

provide  the  basic  timing  for  the  timing  and  synchroniza-  ,  ^J:^^~  «^'^^  "«f  !^  «  pnmanly  generated  withm 
tion  generator  29.  Among  the  frequencies  pmvided  by  „  ^«  ^^^  register  60  and  is  coupled  to  the  Ime  70  through 
mcam29isthe  17.734474  MHz  liming  frequency  on  line  ^^  '^^  multiplexer  68  In  the  presently  preferred  embodi- 
47.  Tliis  signal  is  used  to  generaie  a  continuous  "burst"  "^"H  */°"f  ^''  t'3  u^"^^'  *"  employed.  However,  the 
signal  on  line  49.  as  will  be  discussed.  This  frequency  is  ?""='?'«  ^escnbed  herein  are  apphcable  to  a  shift  reg- 
also  used  by  the  shift  register  60.  fj^'  ^.'''  "}''"'  ^^  ^^"^  ^^e«-  ^^  ^^'^^  ^"^S^f  ^^  *V^* 

A  digiul  counter  33  which  is  part  of  the  timing  and  ^  ^r^WH       f  rf^ ''^"^h  ^""""^(^  ^^'^"^,^!*^  '^* 

^, .  „       ,■  „.      -Ml  J         J-    -  1  ^  o*^  which  IS  shifted  into  the  register  in  paral  el  lorm 

iynchromzation  generator  29  provides  a  digital  count        /•,««.-*.-. i.~t*    -  cc  -ru-    jf-     u  r .  -j    .  .l 

1 ...        eu     '       .  I  1.         1       *        ^    J-  •    1        '"^om  the  multiplexer  55.  This  data  is  shifted  at  the  rate 

lepre^ntauve  of  honzonta^  beam  location.  The  digital        ^f  ^^^^^^  ^^  ^^^^  ^-       ,  ^  ^  ^^ 

output  of  the  counter  33.  Ime^  53.  are  coupied  to  the  j.^^  «,  ^-^  ^^^  47   -pf^  register  60  is  capable  of 

odd/even  character  detector  72  m  addition  10  other  shifting  the  data  in  two  directions  as  indicated  by  dircc- 
mcar«  within  the  f^^P^^^r  \niht  presently  preferred  33  ^-^^^^  ^^  and  63.  The  direction  control  is  determined  by 
embodiment,  the  17J34474  MHz  signal  is  divided  first  ,^^  ^^/even  Une  sigmil  coupled  to  the  register  60  on 
by  18  and  then  by  63  to  provide  a  Ummg  signal  to  dnve  j^^^  5,,  ^iso  a  load  signal  is  coupled  to  the  register  60 
the  counter  33.  This  counter  r^U  at  a  count  of  1 134,  ^^  ,i„^  59  ^s  mentioned,  loading  occurs  af  the  begin- 
one  count  ess  tnan  the  standard  PAL  line  count.  The  ^^  ^f  ^j,  character  for  the  presently  preferred  cm- 
resetting  of  the  counter  33  advances  the  digital  counter  ^  bodimcnt,  however,  loading  may  occur  at  other  times. 
31.  The  f^igital  counter  31  which  provides  a  digital  as  prcscnUy  implemented   in   the  microcomputer, 

signal  representation  of  a  vertical  beam  location  in  the  four  lines  57  of  the  eight  lines  of  the  data  bus  24  are  are 
presently  preferred  embodiment,  is  reset  at  an  even  employed  to  provide  color  data  for  the  upper  portion  of 
number,  specifically  312.  The  least  significant  bit  of  this  ^ach  character,  while  four  hncs  56  of  the  data  bus  24  are 
counter,  which  is  coupled  to  line  51,  provides  an  odd-  45  cmpioved  to  provide  color  data  for  the  lower  portion  of 
/even  hne  signal.  That  is,  when  a  binary  zero  is  present  each  character.  The  multiplexer  55  thus  selects  either 
on  hne  51,  an  even  numbered  hne  is  being  scanned.  the  lines  56  and  57  and  couples  these  lines  to  the  register 
whereas  when  a  binary  one  is  present  on  line  51.  an  odd  go.  The  microcomputer  generates  3  signal  indicating 
numbered  Ime  is  being  scanned.  whether  the  upper  portion  or  lower  portion  of  the  char- 

In  FIG.  2  the  circuit  comprising  the  bistable  circuits,  50  acter  is  beina  written  and  furnishes  an  annrooriate  sia- 
mp-iiops  jy  and  41  and  the  exclusive  OR  gates  43  and  nal  to  the  multiplexer  55  on  line  58.  However,  this  par- 
45  are  used  to  generate  a  timing  signal  of  8.867237  MHz  ticular  coupling  for  obtaining  the  color  data  is  not  cri.i- 
on  line  50  and  also  a  continuous  "burst"  signal  on  line        cal  to  the  present  invention. 

49.  The  signal  on  line  49  is  a  4.43361875  MHz  signal  Each  stage  of  the  register  60  is  coupled  to  the  multi- 

with  phase  alterations  of  ±45'  for  odd/even  lines.  53  plexer  68  so  ts  to  permit  sensing  of  the  data  at  any  stage 

The  timing  signal  on  line  47  from  generator  29  is  ofthe  register  as  the  data  is  recirculated.  Thus  the  niuUi- 
couplwl  to  the  C  terminals  of  the  flip-flops  39  and  41.  plexer  permits  selective  coupling  of  one  of  the  lines  64. 
The  Q  output  terminal  of  the  flip-flop  39  (line  50)  is  65, 66  or  67  to  line  70.  The  particular  tap  or  stage  of  the 
coupled  to  the  D  terminal  of  this  flip-flop  and  also  to  register  which  is  selected  U  a  function  of  the  binary 
one  input  terminal  of  the  gale  43.  The  other  input  termi-  60  signals  coupled  to  the  multiplexer  68  on  lines  51  and  73. 
nal  of  gate  43  receives  the  odd/even  line  signal  on  line  The  operation  of  the  improved  color  generation 

51.  TJic  output  of  the  gate  43  is  coupled  to  one  input  means  shall  first  be  described  without  the  additional 
terminal  of  the  exclusive  OR  gate  45.  The  other  input  compensation  required  from  character- to-character  £5 
terminal  to  this  gate  is  coupled  to  line  49.  The  output  of  provided  by  the  signal  on  line  73.  Referring  to  FIG.  3*^ 
the  gale  45  is  coupled  to  the  D  terminal  of  the  flip-flop  65  assume  that  the  binary  coded  signal  1 100  represents  the 
41.  An  exaiiination  of  the  logic  associated  with  these  color  blue  and  that  the  this  code  is  shifted  into  the  shift 
flip-flops  and  g.ites  will  reveal  that  the  burst  signal  on  register  60  from  the  multiplexer  55  (FIG.  2).  Further- 
line  49  is  in  fact  a  signal  having  a  frequency  \  that  of  the        more  assume  that  an  even  line  is  being  scanned  and  that 
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the  direction  of  drcuUtion  within  the  register  60  is 
shown  by  direction  62.  For  these  conditions  also  Assume 
that  the  ftrst  stage  of  the  register  is  selected  by  the 
multiplexer  68  as  indicated  by  line  64.  The  resultant 
signal  on  line  64  which  is  coupled  to  tine  70  through  the  5 
multiplexer  is  shown  by  the  graph  74.  This  video  signal 
provides  a  pure  blae  color  on  the  display.  When  an  odd 
lioe  is  being  somned,  the  video  signal  for  blue  docs  not 
shift  m  phase  for  standard  PAL  broadcasting.  However* 
when  an  odd  fiue  is  scanned  the  direction  of  recircula-  10 
tioo  within  the  register  60  as  shou-n  in  FIO.  3^  changes 
and  u  indicated  by  direction  63.  For  an  odd  line  the 
second  stage  of  the  register  60  is  selected  (line  65).  The 
•election  of  this  stage  is  controlled  by  the  signal  coupled 
to  the  multiplexer  68  via  line  51  (FIO.  2).  The  signal  IS 
tensed  on  Sine  65  is  shown  by  the  graph  75.  As  may  be 
seen  this  signal  is  identicaT  with  that  shown  in  FIG.  3a 
Thus  even  thou^  the  direction  of  recirculation  has 
changed  within  the  register^  because  of  the  dilTerent 
stage  selection,  the  same  signal  results.  This,  of  course,  20 
b  the  desired  result  since  there  is  no  difference  in  the 
blue  color  video  signal  from  Une-to-line 

Referring  now  to  FIG.  3c  assume  that  the  binary 
code  for  a  pure  red  signal  is  01 10  and  that  the  digital 
signal  for  this  color  is  shifted  into  the  register  60.  If  an  23 
even  tine  is  scanned,  again  the  digital  signal  is  recircu- 
lated in  direction  62  and  the  signal  is  sensed  on  line  64. 
This  results  in  the  signal  shown  in  graph  76.  As  shown 
in  RG.  3e^  for  an  odd  line  the  signal  01 10  is  shifted  in 


sampling  means  coupled  to  said  storing  means  for 
sequentially  sampling  each  of  said  bits  of  said  digi- 
tal words  at  a  predetermined  sampling  rate  in  a  first 
sequence  and  a  second  sequence  opposite  to  said 
first  sequence,  said  first  and  second  sequences 
being  selected  according  to  said  odd-even  signal 
and  said  predetermined  sampling  rate  being  se- 
lected such  that  a  color  signal  is  developed  at  an 
output  of  said  sampling  means  which  corresponds 
to  said  predetermined  color  and  which  has  a  fre- 
quency component  at  said  frequency  N; 

whereby  a  color  signal  suitable  for  use  with  a  phase 
alternation  line  video  display  is  generated. 

2.  The  color  signal  generation  means  of  claim  1 
wherein  said  sampling  means  includes  bit  selecting 
means  for  controlling  which  of  said  bits  is  sampled  in 
the  beginning  of  said  first  and  second  sampling  sequen- 
ces. 

3.  The  color  signal  generation  means  of  claim  2 
wherein  said  sampling  means  is  a  recirculating  shift 
register  meanfi  having  a  plurality  of  stages  for  receiving 
said  digital  word  from  said  storing  means  and  for  circu- 
bting  said  digital  word  at  said  predetermined  sampling 
rate  in  a  first  direction  which  corresponds  to  said  first 
sampling  sequence,  and  a  second  direction  which  corre- 
sponds to  said  second  sampling  sequence. 

4.  The  color  signal  generation  of  claim  3  wherein  said 
bit  selecting  means  comprises  a  multiplexing  means  for 


direction  63  and  sensed  on  line  65.  The  resultant  signal  30  selectively  coupling  one  of  said  stages  of  said  shift  rcgis- 


ts  shown  on  graph  77.  Note  that  there  is  a  ISO  phase 
reversal  between  the  *!gna!s  of  RGS.  3c  and  Zd  for  the 
odd  and  even  lines.  This  phase  reversal  corresponds  to 
the  red  signal  phase  reversals  implemented  in  PAL 
broadcasting. 

While  only  a  pure  blue  a.id  pure  red  case  have  been 
illustrated  above,  appropriate  video  color  signals  are 
generated  by  register  60  for  all  possible  colors  obtain- 
able with  the  four  bit  color  signals  employed  in  the 


ter  means  to  said  output. 

5.  The  coior  signal  generation  means  of  claim  4 
wherein  said  selective  coupling  of  said  multiplexing 
means  occurs  in  response  to  said  odd-even  signal. 
35  6.  The  color  signal  generation  means  of  claim  5 
wherein  said  shift  register  means  is  compiised  of  P 
number  of  said  stages  and  said  predetermined  sampling 
rate  is  at  a  frequency  approximately  equal  to  N  X  P. 
7.  The  color  signal  generation  means  of  claim  6 


preferred  embodiment  Moreover,  color  coded  signals  40  wherein  said  circuit  means  comprises  a  digital  counter 


with  greater  number  bits  (e.g.  B  bits)  may  be  employed 
with  larger  shift  registers  (e.g.  8  stages)  with  the  same 
result. 

With  the  additiona]  signal  provided  on  line  73  (FIG. 
2)  the  multiplexer  68  selects  one  of  the  lines  64,  65,  66  45 
and  67  as  a  functjcm  of  the  signals  on  lines  5i  and  73. 
Specifically,  line  64  is  selected  for  an  odd  character, 
even  line;  line  65  for  an  odd  character,  odd  line;  line  66 
for  an  even  character,  even  line,  and;  line  67  for  an  even 
character,  odd  line.  This  selection  of  lines  provides  the  SO 
±dditiOu«l  requii'tM  Cujuar.;icr-U>-chKracicr  compensa- 
tion. 

Thus,  by  changing  the  direction  of  shifting  in  the 
register  60  as  a  function  of  even  lines  and  odd  lines  and 
also  by  appropriately  selecting  different  stages  of  the  55 
register,  compensation  is  piovided  for  Hic  color  signal 
phase  reversals  implemented  in  PAL  broadcasting. 

I  claim: 

1.  In  an  apparatus  for  use  with  a  phase  alternation  line 
video  display  adapted  to  receive  color  signals  having  a  60 
color  subcarrier  reference  signal  of  frequency  N,  an 
improved  color  signal  generation  means  comprising: 

means  for  generating  at  least  one  digital  word  which 
corresponds  to  a  predetermined  color,  said  digital 
word  comprising  a  plurality  of  bits;  65 

storing  means  for  storing  said  digital  word; 

circuit  means  for  providing  an  odd/even  ^gnaX  repre- 
sentative of  odd  and  even  lines  on  said  display; 


and  said  odd/even  signal  b  derived  from  the  least  signif- 
icant bit  of  said  counter. 

8.  The  color  srgnal  generation  means  defmed  by  claim 
6  wherein  P  is  equal  to  four. 

9.  The  color  signal  generation  means  of  claim  8, 
wherein  N  is  approximately  4.434  MHz  and  said  prede- 
termined sampling  rate  is  approximately  17.734  MHz. 

10.  The  color  signal  generation  means  of  claim  9 
wherein  said  at  least  one  digital  word  and  said  corre- 
ftnoffwltnir  nrft'^pi^rmin^  color  comprise  thc  foUowing: 


Digital  word 


Corresponding  Color 


1100 
0110 


Blue 
Red 


II.  In  an  apparatus  for  use  with  a  phase  alternation 
line  video  display  adapted  to  receive  color  signals  hav* 
ing  a  color  subcarrier  reference  signal  of  frequency  N 
and  where  said  apparatus  provides  a  predetermined 
number  of  characters  at  Ivast  in  the  horizontal  direction 
on  said  display,  an  improved  color  signal  generation 
means  comprising: 

means  for  generating  at  least  one  digital  word  which 
corresponds  to  a  predetermined  color,  said  digital 
word  comprising  P  number  of  bits; 

storing  means  for  storing  said  digital  word; 
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first  circuit  means  for  providing  an  odd/even  line 
signal  representative  of  odd  and  even  lines  on  said 
display; 

seco*id  circuit  means  for  providing  an  odd/even   . 
ch&racter  signal  representative  of  odd  and  even 
characters  on  said  display; 

sampling  means  coupled  to  said  storing  means  for 
sequentially  sampling  each  of  said  bits  of  said  digi- 
tal word  at  a  sampling  rate  approximately  equal  to  10 
N  X  P  in  a  first  sequence  and  in  a  second  sequence 
opposite  to  said  first  sequence,  said  first  and  second 
sequences  being  selected  according  to  said  odd- 


in  the  beginning  of  said  first  and  second  sampling 

sequences; 
whereby  a  color  signal  suitable  for  tise  with  a  phase 

alternation  line  video  display  is  generated  at  an 

output  of  said  sampling  means. 
12.  The  color  signal  generation  means  of  claim  11 
wherein  said  sampling  means  comprises  a  recirculating 
shifter  register  means  having  F  number  of  stages  for 
receiving  SAid  digital  word  from  said  storing  means  and 
for  circulating  said  digital  word  at  said  predetermined 
sampling  rate  in  a  first  direction  which  corresponds  to 
said  first  sampling  sequence  and  a  second  direction 
which  corresponds  to  said  second  sampling  sequence 
and  whsrein  said  bit  selecting  means  comprises  a  multi- 


/even  sii^nal,  with  said  sampling  means  further  ,5  picxcr  laving  a  pluraUty  of  inpuU  coupled  to  said  sUges 
including  a  bit  selecting  means  responsive  to  said        of  said  shift  register  means  and  a  multiplexer  output 
odd/even  line  signal  and  said  odd/even  character       coupled  to  said  sampling  means  output 
signal  for  controlling  which  of  said  bits  is  sampled  •     •     •     •    • 


20 
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33 
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[57]  ABSTRACT 

A  microcomputer  including  a  video  generator  and  tim- 
ing means  which  provides  color  and  high  resolution 
graphics  on  a  standard,  raster  scanned,  cathode  ray  tube 
is  disclosed.  A  horizontal  synchronization  counter  is 
synchronized  at  an  odd-submuliiple  of  the  color  subcar- 
rier  reference  frequency.  A  "delayed"  count  is  em- 
ployed in  the  horizontal  synchronization  counter  to 
compensate  for  color  subcarrier  phase  reversals  be- 
tv/een  lines.  This  permits  vertically  aligned  color  graph- 
ics without  substantially  altering  the  standard  horizon- 
tal synchronization  frequency.  Video  color  signals  are 
generated  directly  from  digital  signals  by  employing  a 
recirculating  shift  register. 

11  Claims,  4  Drawing  Figures 
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nal  in  this  manner  is  complex  and  requires  a  substantial 
DIGITALLY-CX)NTROLLED  COLOR  SIGNAL  amount  of  circuitry. 

GENERATION  MEANS  FOR  USE  WITH  DISPtAY  The  invented  microprocessor  includes  a  recirculating 

shift  renter  which  circulates  four  bits  of  information. 

This  is  a  continuation  ofapplicationSer.  No.  910,125,   5    In  this  manner  video  color  signals  are  generated  di- 

now  abandon«l,  filed  May  26.  1978,  which  is  a  division        rectly  from  digital  information  without  the  cumber- 

of  application  Scr.  No.  786,197.  filed  on  Apr.  11.  1977        some  generation  techniques  employed  in  the  prior  art 

which  is  now  U.S.  Pat.  No.  4,136,359.  SUMMARY  OF  THE  INVENTION 

BACKGROUND  OF  THE  INVENTION  ,5      ^  microprocessor  for  use  with  a  video  display  is 

1.  Field  of  the  Invention  described.  The  microprocessor  includes  an  improved 
The  invention  is  for  the  generation  of  signals  for        timing  apparatus  which  provides  well-defined  color 

raster  scanned  video  displays  employing  digital  means,  graphics  on  a  standard,  raster  scanned,  cathode  ray 

believed  to  be  in  Class  340-324.  tube.  A  timing  reference  means  is  employed  to  provide 

2.  Prior  Art  15  a  color  reference  signal  for  the  video  display.  A  hori- 
With  the  reduced  cost  of  large  scale  integrated  cir-  zontal  synchronization  means  which  is  synchronized  to 

cuits  it  has  become  possible  to  provide  low-cost  mi-  the  timing  reference  means  provides  horizontal  syn- 
crocomputers  suitable  for  home  use.  One  such  use  chronization  si^ials  for  the  display.  These  signals  occur 
which  has  flourished  in  recent  years  is  the  application  of  at  a  rate  which  is  an  odd-submultiple  of  the  color  refer- 
microcomputers  in  conjunction  with  video  displays  for  20  encc  signal  frequency.  TTie  timing  apparatus  includes  a 
games  and  graphic  displays.  Most  often  an  ordinary  compensation  means  which  is  coupled  to  both  the  tim- 
television  receiver  is  employed  as  the  video  display  ing  reference  mean?  and  the  synchronization  means  for 
means.  The  standard,  raster  scanned,  cathode  ray  tubes  periodically  adjusting  the  horizontal  synchronization 
employed  in  these  receivers  and  like  displays,  present  signals  such  that  these  signals  remain  in  phase  relation- 
unique  problems  in  interfacing  these  displays  with  the  25  ship  with  the  color  reference  signal, 
digital  information  provided  by  the  microcomputer.  The  microcomputer  also  includes  a  unique  color  sig- 

In  presenting  color  graphics  it  is,  of  course,  desirable  nal  generation  means  which  uses  a  recirculating  shifi 
to  provide  high  resolution  lines  and  to  avoid  "ragged"  register.  This  register  receives  digital  signals  representa- 
lines.  In  a  microcomputer  controlled  display,  typically  a  tive  of  color  from  memory  and  circulates  this  data  at  a 
single  frequency  reference  source  is  employed  to  gcner-  30  predetermined  rate.  In  this  manner  a  color  signal  suit- 
ate  the  color  subcarrier  reference  signal  of  3.579545  able  for  use  with  a  video  display  is  generated  from  the 
Mhz  and  the  horizontal  and  vertical  synchronization  digital  signals. 

signals.  If  the  frequency  of  the  horizontal  synchroniza-  DESCRIPTION  OF  THE  DRAWINGS 
tion  signals  i&  to  remain  close  to  its  normal  frequency 

(i.e.  15,750  hz)  the  horizontal  synchronization  means  35      FIG.  1  is  a  general  block  diagram  illustrating  the 

must  operate  at  an  odd-submulHnle  of  the  color  subcar-  invented  microcomputer  in  its  presently  preferred  em- 

rier  frequency.  When  this  occurs  there  is  a  phase  rever-  bodiment. 

sal  or  piiase  shift  of  the  color  subcarrier  reference  signal  FIG.  2  is  a  block  diagram  of  the  video  generator 
when  compared  to  color  control  signal  between  each  of       employed  in  the  microcomputer  of  FIG.  1. 
the  lines  of  the  display.  This  results  in  ragged  vertical  40      FIG.  3  is  a  block  dif*gram  of  the  timing  and  synchro- 
lines  unless  the  color  signals  are  changed  for  each  line.  nization  generator  employed  in  the  computer  of  FIG.  1; 
One  prior  art  solution  to  this  problem  has  been  to  oper-  and 

ate  the  horizontal  synchronization  counter  at  an  even  FIG.  4  is  graph  illustrating  several  waveforms  gener- 
submultiple  of  the  color  subcarrier  frequency  (i.c.  ated  by  the  video  generator  of  FIG.  2. 
15,980  hz).  This  deviation  from  the  standard  horizont^  45              DETAILED  DESCRIPTION  OF  THE 
synchronization  frequency  typically  requires  manual  INVENTION 
adjustment  of  the  receiver  and  for  some  receivers  hori- 
zontal synchronization  may  be  more  difficult  to  main-  A  microcomputer  is  disclosed  which  is  particularly 
tain.  suitable  for  controlling  color  graphics  on  a  standard. 

As  will  be  described  with  the  invented  microcom-  50  raster  scanned,  cathode  ray  tube.  The  described  mi- 

puter,  the  horizontal  counter  operates  close  to  its  stan-  crocomputer  includes  a  video  generp.tor  which  gener- 

dard  frequency  (15,734  hz).  Through  use  of  a  timing  ates  color  signals  directly  from  digital  information,  and 

compensation  means,  counting  in  the  horizontal  syn-  a  tfming  means  which  provides  well  defined  color 

chronization  counter  is  delayed  to  compensate  for  the  graphics,  particularly  in  the  vertical  direction,  with 

facT  that  the  counter  operates  at  an  odd-submultiple  SS  complex  programming. 

frequency  of  a  color  reference  signal.  In  this  manner.  In  the  following  description,  numerous  well-known 

pliase  reversal  of  the  color  reference  signal  is  eliminated  circuits  are  shown  in  bloi^k  diagram  form  in  order  not  to 

ard  sharp  graphic  displays  are  provided  without  com-  obscure  the  described  inventive  concepts  in  unneces- 

plrx  programming.  sary  detail.  In  other  instances,  very  specific  details  such 

7n  many  prior  art  microcomputer  controlled  displays,  60  as  frequencies,  number  of  bits,  specific  codes,  etc ,  are 
color  information  is  stored  as  four  digital  bits  which  are  providing  in  order  that  these  inventive  concepts  may  be 
used  to  designate  green,  red.  blue,  and  high/low  inten-  clearly  understood.  It  will  be  apparent  to  one  skilled  in 
aity.  The  color  generation  means  generally  includes  a  the  art  that  the  described  inventive  concepts  may  be 
■igna!  generator  for  generating  the  pure  color  signals  employed  without  use  of  these  specific  details. 
(CW).  These  pure  color  signals  are  then  gated  and  65  Referring  now  to  FIG.  1,  the  microcomputer  in- 
mixed  in  accordance  with  the  binary  state  of  the  four  eludes  a  central  processing  unit  (CPU)  or  microproces- 
bits  to  provide  a  color  signal  compatible  with  standard  sor  10.  While  any  one  of  a  plurality  of  commercially 
television  receivers.  Generation  of  the  video  color  sig-  available  microprocessors  may  be  employed  such  as  the 
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M6800  or  8080,  in  the  presently  preferred  embodiment.  two,  thereby  providing  a  7.15909  MHz  signal  on  line  56. 

a  comraercially  available  microprocessor.   Part  No.  This  signal  is  employed  by  the  microprocessor  as  a 

6502,  is  esjpioyed.  CPU  iw  CGniniur.icatcs  with  the  data  nming  signal,  and  additionaiiy,  is  cnipioyed  h:^  ilie  shiri 

bus  18  through  d  bidirecliunal  Iri-staie  buffer  12.  Tlie  register  counter  6G  as  a  feedback  synchronization  sig- 

CPU  10  is  also  rx)upled  to  the  address  bus  20  through  a   5  nal.  The  signal  on  line  56  is  further  divided  by  two.  by 

tri-state  buffer  S3.  divider  57,  to  provide  the  standard  color  subcarrier 

The  microcomputer,  in  its  presently  preferred  em-  reference  signal  of  3.579545  Mhz  on  line  58.  The  signal 

bodiment.  includes  two  memories.  The  first  is  a  12K  on  line  58  is  used  in  an  ordinary  manner  by  the  video 

(bytes)  read-only  memory  (ROM)  14  v/hich  is  coupled  display  and  also  is  used  as  a  feedback  synchronization 

to  the  date  bus  18.  This  ROM  may  be  a  mask  program-  10  signal  by  the  shift  register  counter  60. 

mable  memory,  E  PROM  or  other  read-only  memory.  xhe  14.3  Mhz  signal  on  line  33  is  divided  by  seven,  by 

The  primary  data  storage  for  the  computer  comprises  f^^  shjft  register  counter  60  to  provide  a  2+  Mhz  signal 

the  random-access  memory  23.  In  the  presently  pre-  {,„  line  32.  This  signal  is  used  by  the  RAMs  23  of  FIG. 

ferred  embodiment,  this  memory  may  contain  4K  to  j,  xhis  2+  Mhz  signal  is  further  divided  by  divider  62 

48K  (bytes)  and  comprises  commercially  available  dy-  15  (divided  by  two)  to  provide  a  1+  Mhz  timing  signal  on 

namic  MOS  memori^.  The  RAM  23  is  coupled  to  the  n^  55  j^  1+  f^^  ^g^^  in  addition  to  being  em- 

input/ouiputinterfat«  means  21  via  bus  30.  the  data  bus  ployed  elsewhere  in  the  microprocessor  is  used  by 

18  and  the  video  generator  25.  counters  63  and  64. 

The  timing  signal  5  for  the  microcomputer  are  pro-  jj,g  "divide-by-65"  counter  63  is  used  to  provide  the 

vided  by  the  timing  and  synchronization  generator  15,  20  horizontal  synchronization  signals.  When  the  maximum 

The  novel  portions  of  this  g«Je^or  EhaJJ^  dcscnbed.  ^^^  -^  ^^^^  ^^^^^  ^^  ^^^^j.  ^  3  ^jg^  -^  ^^^ 

in  detail,  m  conjunction  with  FIG.  3.  This  generator  ^^^  on  Une  66  to  shift  register  60  and  also  to  the  vcrti- 

provides  timing  signals  for  the  microcomputer,  and  ^  synchronization  counter  64.  The  counter  64  is  em- 

additionally,  sjmchromzation  signals  for  the  video  dis-  ,^^  ^  ^^^^  ^^  ^-     ^  ^^    ^^  to  provide  vertical 

play  A^ong  the  signals  provided  ^V  fhe  generator  15  25  f      fe^^ization  signals. 

"".^1  ?^-Jil?oT?  '''^1  °"  r"*^«  .     .^^   J^  ir.  the  presently  preferred  embodiment,  the  display  is 

and  a  14JI8I8  Mhz  «gnal  on  hne  33  for  the  video  gen-  P^^  ^  J^^^^  array.  However.  25  of  ihe  65 

erator  25.  The  timmg  and  synchronization  generator  15  J^  ^^                  ^^^  ^^_ 

jdso  provides  tuning  signals  for  the  decoder  16  and  for  ^52  lines  are  also  employed  for  blank- 

the  address  multiplexca"  28.                                                 30  .  =»                                                          '^    ■' 

The  address  decoder  16  receives  address  signals  from        '"S-  ,  *i.  *  .«.    u^^ *«i  -.„- 

the  address  bus  20  an.i  decodes  them  in  a  well-known  J^  ^  "PP^^^  from  FIG.  3  that  ttie  honzonUl  syn- 

manner.  The  address  d^oder  16  is  coupled  to  the  ROM  chromzation  signals  from  counter  63  occur  at  a  fre- 

14  and  to  the  RAM  23.  Address  signals  are  also  received  f  e"<=y  of  approxmiate ly  15.734  hz.  This  is  v^^y  cI<Me  to 

from  the  bus  20  by  th-  address  multiplexer  28  which  35  *e  standard  horizontal  synchronization  rate  of  15,750 

couples  these  signals  tc  the  RAM  23.  ^z.  Each  count  of  the  counter  63  includes  3i  color  cycle 

TTie  input/output  interface  means  22  provides  ports  ^^  ^^  color  subcamer  reference  frequency;  moreover, 

which  aUows  the  microprocessor  to  be  electrically  cou-  ^^  '<'^  ""^*^  <"[  «>^o/  '^V^i^  ^'  ^ V'  "  "°^:"'^: 

pled  to  a  cassette  jack  or  to  a  connecior  used  for  receiv-  8cr.  As  a  result.  Oie  color  subcarner  reference  signal 

ing  game  input/output  signals.  Known  buffers  and  tim-  40  will  be  shifted  180    for  each  new  hne.  Unless  some 

ing  means  ro^v  be  employed  for  this  purpose.  corrective  action  is  taken  this  will  result  m  ragged  verti- 

The  video  "generator  23  receives  signals  from  the  <^  **«^  ^s  wUl  now  be  described,  compensation  is 

"liput/output  interface  mean^  2!  and  also  from  the  provided  by  dehymg  the  occurrence  of  the  1+  Mhz 

R.*  M  23.  This  generator  provides  an  output  video  sig-  timing  signal  once  for  each  Ime  by  a  period  of  time 

nal  on  line  26.  Video  generator  25  shall  be  described,  in  45  corresponding  to  i  cycle  of  the  3.58  Mz  subcamer 

detail,  in  conjunction  with  FIG.  2.  reJerence  signal. 

In  the  presently  preferred  embodiment,  the  entire  As  shown  m  FIG.  3.  the  normal  countmg  sequence 

microcomputer  of  FIG.  1  is  fabricated  on  a  single  for  the  shift  counter  60  mcludes  seven  sutes.  When  the 

printed  drcuit  board.  This  board  includes  connectors  to  last  stage  of  the  four  stage  counter  contains  a  bmary- 

allow  the  comP-j.er  to  be  connected  to  a  cassette  play-  50  zero*  »  binary-one  is  loaded  into  the  second  stage  (posi- 

back  mc»r*^  or  other  d?v!c«.  A;  wili  be  appreciated.  tion  70).  The  first  and  second  stages  receive  the  output 

numerous  well-known  interconniictions,  driver  means  of  the  second  stage  when  the  last  stage  contains  a  bi- 

^d  other  circuits  employed  in  the  microcomputer  are  nary-zero.  Thus,  the  states  become  1110  after  the  next 

not  shown  in  FIG.  1.  For  a  detailed  description  of  cir-  sliift»  and  finally  the  states  become  !  1 1 1  as  indicated  by 

cuits  and  interconneoiions  which  may  be  employed  in  55  path  68. 

the  microproces^^or  of  FIG.  1.  including  a  uaniiparcnt  Each  time  a  signal  occurs  on  line  66  (every  65  cycles 

refresh  cycle  for  the  RAMs  23,  see  "A  CRT  Terminal  of  the  1+  Mhz  signal)  the  normal  sequencing  within  the 

Using  The  M6»00  Familf  by  Roy  &  Morris.  Interface  counter  60  is  altered  as  shown  by  the  extended  sequence 

Age,  Volume  2,  Issue  2,  January  1977.  of  FIG.  3.  When  a  signal  occurs  on  line  66  and  when  the 

Referring  now  to  FIG.  3.  the  timing  and  synchroniza-  60  count  of  0000  is  reached,  the  loading  of  the  binary-one 

tion  generator  (timing  means)  includes  a  frequency  into  the  second  stage  (position  70)  is  delayed  for  two 

reference  source,  crystal  oscillator  51.  The  output  of  cycles  of  the  14.318  Mhz  clock.  These  two  cycles  corre- 

oscillator  51  is  coupled  to  a  buffer  52  which  provides  a  spond  to  180*  of  the  3.58  Mhz  signal.  After  these  two 

14.31818  Mhz  signal  on  line  33  for  tlie  presently  pre-  cycles,  a  binary-one  is  then  loaded  into  the  second 

ferred  embodiment.  This  ^gnal  is  coupled  to  the  video  65  stage,  followed  by  the  loading  of  binary-ones  into  the 

generator  of  VIQ.  2  ss  wiU  be  described,  and  is  also  first  and  third  stages.  As  indicated  by  path  69,  a  normal 

coupled  to  the  shift  register  counter  60  and  the  divider  counting  sequence  then  occurs.  By  extending  the  count 

55.  llie  divider  55  divides  the  14.31818  Mhz  signal  by  within  counter  60  as  described,  compensation  occurs 
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which  provides  vertical  color  afignment  from  line-to-  Briefly  referring  again  to  FIG.  3,  each  count  of  the 

ijjjg  horizontal  synchronization  counter  63  corresponds  to 

o«» :-«  -^,„  •-  pro  y  thm  viden  ?pn^n*tpr  25  of  3i  cycles  of  the  subcarrier  reference  signal.  Tnus.  a  180* 

FIG.  1  includes  two,  four  bit  shift  registers  36  and  37.  phase  shift  occurs  from  character-to-chaiacter  wjth 

Each  of  these  four  bit  shift  registers  is  coupled  to  re-   5  respect  to  the  color  subcarrier  referen'^  signal.  This 

ccive  four  bits  of  data  on  lines  30  from  the  RAM  23.  means  that  the  color  signals  must  be  shifted  by  ISO*  by 

The  registers  36  and  37  receive  a  load  signal  on  line  49  the  generator  of  FIG.  2,  or  the  coding  for  these  signals 

which  causes  the  data  on  Unes  30fl  through  30A  to  be  must  be  alternated  for  odd  and  even  horizontal  charac- 

shifted  into  the  registers.  The  first  stage  of  register  37  ter  positions.  In  th«  presently  preferred  embodiment,  a 

no)  is  coupled  to  a  multiplexer  38  by  line  42.  The  third  10  180*  phase  shift  for  the  color  signais  iS  obtained  by 

stage  of  register  37  00  is  also  coupled  to  the  multiplexer  toggling  between  the  first  or  third  stages  of  the  selected 

38  by  line  43.  In  a  simUar  fashion,  the  first  stage  of  the  registers.  For  example,  assume  that  the  lower  portion  of 

register  36  (h)  is  coupled  by  line  44  to  the  multiplexer  a  character  is  being  displayed  and  that  the  color  mfor- 

38.  and  the  third  stage  ofthis  register  (I3)  is  also  coupled  nation  is  thus  contained  withm  register  37   Fmther 

to  the  multiplexer  38  by  Hne  45.                                      15  assume  that  this  information  is  being  circulated,  that  is. 

Line  44  is  coupled  to  the  fourth  stage  of  register  36  in  line  42  couples  stage  4  to  stage  1  through  the  multi- 
order  that  four  bits  of  data  within  register  36  may  be  plexer  40.  For  even  horizontal  character  posiUons.  as 
recirculated.  (Registers  36  and  37  shift  data  from  left  to  indicated  by  the  signal  on  hne  47.  the  pliase^lect  multi- 
right,  that  is.  toward  their  first  stage).  The  line  42  may  plexer  38  couples  the  lo  signal  to  Ime  26.  For  the  odd 
be  selectively  coupled  to  the  fourth  stage  of  register  37  20  positior«.  a  180"  phase  shift  is  obtamed  by  selectmg  the 
through  the  myltmleitrr  40  in  order  that  four  bits  of  dau  1 1  signal.  ,  ,  ^  .  .,  ,  r 
within  register  37  may  be  recirculated.  Line  44  may  be  During  a  second  mode  of  operation  the  generator  of 
coupled  through  the  multiplexer  40  to  the  fourth  stage  FIG-  ^  «  used  for  providing  high  resolution  Stjaptocs  In 
of  the  shift  renter  37.  When  this  occurs,  the  shift  regis-  ^^^r  eight  bits  of  ^formation  ^e  provided  by  the 
ters  36  and  37  operate  as  a  single  eight  bit  shift  register.  '^-^  RAM  23  to  the  registers  36  and  37.  For  this  high  resolu- 

Control  sicn^  designated  as  even/odd  X  (line  47)  ^o"  mode  Ime  42  is  coupled  to  the  video  me  26  and  the 

and  upper/lower  Y  (11^43)  are  used  to  control  multi-  ^S^t  bits  of  date  from  RAM  23  *J.  ^"f  ^  f?^P^.^« 

plexer  S.  During  the  color  graphics  mode  the  registers  ^e  v^deo  Ime  26  at  the  14.318  Mhz  rate.  The  mulu- 

36  and  37  operat!  as  separati^gisters  and  data  is  alter-  P'e^^  «  ^^P^^  I^"«  **  to  the  fourth  stage  of  register 

nately  selec?^  for  coS  to  li^e26by  multiplexer  38.  30  37  to  prowdeasm^^^ 

The  upper/lower  Y  signal,  during  the  color  graphics  tant  signals  are  shown  on  Imes  77  and  78  of  FIG- 4.  The 

mode.^aJlow  election  of7aU  from%ither  register  36  or  "Kf^^^"  /-^^  7v""^,2?  jritw^^^^ 

37.  The  odd/even  X  signal  then  toggles  the  data  from  violet  display.  In  the  presently  preferred  embodiment. 

^f.  lilt  u«ww«^..  .r*    fc.                 6,6             T    .,  t   :f  data  changes  are  employed  to  obtain  the  compensaUon 

the  selected  register  by  altematmg  selecting  lo  ur  Ii  if  "*"*  r.™:  f     "         .f.  /  ^^  -«  a,,^»^  ^k-.  .^i^r  «ro«ii 

■  .     ^^  •      r  _  J       «       T    r  ^»:-*«- 1£;^  «-i^t«^    35  provided  by  the  multiplexer  38  dunng  the  color  grapn- 

r^gister  37  IS  selected,  or  I2  oris  if  register  36  IS  selected.  -qj 

During  the  color  graphics  mode  as  presently  imple-  ics  mode.                      ^     .    .  u-^„  j:„„i«.-^  „,i,i^k  :. 

.  J     •  t-.  Lu      r      1      -  r *-«r  ««  »i.;a-^  «„  Thus,  a  microcomputer  has  been  disclosed  which  is 

mented.  cii?ht  bits  of  color  information  are  shifted  (m  _..     ,    ,        -.  t.i    r  .    u-  1 .  :j— *  ^» 

:r:;  .  *   ^/^  „  ■  ;      tc     Ati  *•,««  «i,-  p  am  «  particularly  suiuble  for  controlling  a  color  video  dis- 

^'^^fx.T  'J"  ^t  T,                 wf^      tK^  Jl?  Pl*y-  Tlie  unique  timing  means  provides  well  defined 

at  a  I  +  Mhz  rau.  Thrs  ^^f^^^^^^^^^^^^^  TJlx^v^:  40  vertical  color  lines  without  compHcated  programming 

ters36and37atarateof  1018I8Mhzbyti^ecloc^^^  ^^^  generation  of  horizontal 

sigmUr<jeivedonhnc33.Thecircuationofthedatabit  ^    ^^^^^^^  ^^     ^Is^t  cl<L  to  the  standard  rate, 

within  the  regi^t^  36  and  37  at  this  rate  P-^vid^sig"  ^^  ^j^^,  video  generator  allows  the  generation  of 

nals  having  a  3.58  Mhz  component  ^d  f^  wd»  be  de-  ^^^  ^^^^    ^^^^             signals  without  the 

scnbed.  these  «gn^s  niaybe  r«di  ly  employed  for  pro-  ^„  ,  J^^^     ^ften  employed  in  the  prior  art. 

vidmg  color  signals  for  video  display.  -  r.^^            '                ^   ^ 

In  the  color  graphics  mode,  as  presently  imple-  ^              controlled  color  signal  generation 

mented.«ichofthedispIaycharacteT^^^^^^  for  ^  Xith  a  color  video  display  iiapted  to 

upperandIowercoorrectangIe.TlieRAM^^^^  receive  color  signals  havmg  a  color  subcarrier  reference 

the  four  bits  of  color  data  for  the  upper  rectangles  to  ^           ^     ^,^^  ^^  generation 

registers  36  and  for  the  lower  rectangles  to  register  37.  *^  ^                 ?        '      '                        o       «> 

This  color  data  for  the  presently  preferred  embodiment        °^eans  compns   g.  jj  -.^, , .  ,.,»„„v 

i-TLil^i  -„  fi^n^«,«..  means  for  generating  at  least  one  digital  word  which 

corresponds  to  a  predetermined  color,  said  digital 
word  comprising  a  plurality  of  bits; 

55  storing  means  for  storing  said  digital  word; 

sampling  means  coupled  to  said  storing  means  for 
sequentially  sampling  each  of  said  bits  of  said  digi- 
tal word  at  a  predetermined  sampling  rate,  said 
sampling  rate  being  selected  such  that  a  color  sig- 

60  nal  is  developed  at  an  output  of  said  sampling 
means  which  corresponds  to  said  predetermined 
color  and  which  has  a  frequency  component  at  said 

When  colors  arc  coded  in  this  manner  and  circulated  at  frequency  N. 

the  rate  of  14.318  Mhz  in  the  registers,  video  color  whereby  a  color  signal  suitable  for  use  with  the  video 

signals  compatible  with  standard  television  receivers  65  display  is  generated. 

•re  produced.  The  resultant  signal  for  red  is  shown  on  2.  The  color  signal  generation  means  of  claim  1 

line  71  of  FIG.  4.  light  blue  on  line  72,  brown  on  line  73  wherein  said  sampling  means  comprises  a  recirculating 

and  gray  on  lines  74  and  75.    '  shift  register  means  for  receiving  said  digital  word  from 


is  coded  as  follows: 


Red 

0001 

Medium  Violet 

0011 

Pink 

ton 

Medium  Blue 

0110 

Hlue 

0010 

Medium  Green 

1100 

Light  Blue 

0111 

Orange 

1001 

Dark  Green 

0100 

White 

nil 

Light  Green 

1110 

Gray 

1010 

Brown 

1000 

Gny 

0101 

Yellow 

1101 
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«a6  storing  ^  and  forIir,:ul.t.,g  «.d  digiuJword  '^'^^^^J^^r^^l^.'T^S^ZZ'  '^ 

a  ««id  *hm  retnstcr  means  at  said  predetermined  &am-  7*'''     "„;7«„  =  «„„iv-r  ofhir,. 

pling  rate.                                                ^     ^  ^     ,  .  storing  means  for  storing  said  at  least  one  aigital 

3.  The  color  signal  generation  means  defined  by  clami   ^  ^^^. 

2  wherein  said  digital  word  is  comprised  of  P  number  of  sampling  means  coupled  to  said  storing  means  for 
bits,  said  shift  register  means  comprises  a  recirculating  sequentially  sampling  each  of  said  bits  of  said  digi- 
shift  register  having  P  number  of  stages,  and  said  prede-  tal  word  at  a  sampling  rate  approximately  equal  to 
termin^-^  sampling  rate  is  at  a  frequency  approximately  a  frequency  of  N  X  P; 

ual  to  N  X  P                                                                 '°  whereby  a  color  signal  suitable  for  use  with  the  video 

%  -me  color'signal  generation  means  defined  by  claim  display  is  developed  at  an  output  of  said  sampling 

*     ,       .    « •           1 T   r  means. 

3  whercm  P  is  equal  to  four.                ,  ^    ^  ^     ,  -  9.  The  color  signal  gcneratoi  means  defined  by  clafan 

5.  The  color  signal  generation  means  defined  by  cton  ^  ^y.^^^^^  ^aid  sampling  means  includes  phase  shifting 

4  wherein  N  is  approximately  3.58  MHz  and  said  prede-  j  ^  means  for  altering  the  sequence  of  said  sequential  sam- 
termined  sampling  rate  is  approximately  14.318  MHz.  ^^^^^  thereby  allowing  the  selection  of  a  phase  shifty 

6.  The  color  signal  generation  means  defined  by  claim  signal  at  said  output  of  sai<;  sampling  means. 

5  wherein  said  sampling  means  further  includes  phase  jo.  The  color  signal  generation  means  defined  by 

shifting  means  for  coupling  ditferent  stages  of  said  shift  claim  9  wherein  N  is  approximately  equal  to  3.58  MHz, 

register  to  said  output  thereby  allowing  the  selection  of  20  P  is  equal  to  four  and  said  swnpling  rate  is  at  a  frequency 

u        L-ft^  -;«^-i  approximately  equal  to  14.318  MHz. 

a  phase  shifted  signal.                             ^  r     a^     i.i«  U    The  color  signal  generation  means  defined  by 

TThecoIorsignalgenerationmeansdefinedbyclm^^^  ^^^  ]^l^^^  salTsJipling  means  comprises  a  re- 

6  wherein  said  digital  word  corresponding  to  the  color  gir^,„jati„g  ^hift  register  living  four  stages  which  re- 
red  is  0001.                                                                          25  ceives  said  digital  word  from  said  storing  means,  with 

8.  A  digitally  controlled  color  signal  generation  said  shift  register  being  clocked  at  a  frequency  approxi- 

means  for  use  with  a  color  video  display  adapted  to  mately  equal  to  14.318  MHz  and  said  phase  shifting 

receive  color  signals  having  a  color  subcarricr  reference  means  is  a  means  for  coupling  different  stages  of  said 

signal  of  frequency  N.  s-iid  improved  color  signal  gener-  shift  register  to  said  sampling  means  Oiiitput. 


a  lion  means  comprising:  30 
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COMPUTER  WITH  A  MEMORY  SYSTEM  FOR 

REMAPPING  A  MEMORY  HAVING  TWO 

MEMORY  OUTPUT  BUSES  FOR  HIGH 

RESOLUTION  DISPLAY  WITH  SCROLLING  OF     5 

THE  DISPLAYED  CHARACTERS 

BACKGROUND  OF  THE  INVENTION 

The  invention  relates  to  the  field  of  digital  computers, 
particularly  microcomputers,  having  video  display  ca- 
pabilities. 

Prior  Art 

In  the  last  few  years,  there  has  been  rapid  growth  in 
the  use  of  digital  computers  in  homes  by  hobbyists,  for  '^ 
small  business  and  for  routine  engineering  and  scientific 
application.  For  the  most  part,  these  needs  have  been 
met  with  self-contained,  relatively  inexpensive  mi- 
crocomputers or  microprocessors  with  essential  periph- 
erals, including  disc  drives  and  with  relatively  easy  to  ^0 
manage  computer  programs.  The  design  for  computers 
for  these  needs  requires  considerable  ingenuity  since 
each  computer  must  meet  a  wide  range  of  applications 
and  because  this  market  is  particularly  cost  conscious. 

A  home  or  small  business  computer  must,  for  exam-  25 
pie,  operate  with  a  number  of  different  program  lan- 
guages, including  those  requiring  relatively  large  mem- 
ones,  such  as  Pascal.  The  computer  should  interface 
with  a  standard  raster  scanned  display  and  provide  a 
wide  range  of  display  capabilities,  such  as  high  density  30 
alpha-numeric  character  displays  needed  for  word  pro- 
cessing in  addition  to  high  resolution  graphics  displays. 

To  meet  these  specialize  computer  needs,  generally 
requires  that  a  relatively  inexpensive  microprocessor  be 
used  and  that  the  capability  of  the  processor  be  en-  35 
hanced  through  circuit  techniques.  This  reduces  the 
overall  cost  of  the  computer  by  reducing,  for  example, 
power  needs,  bus  structures,  etc.  Another  important 
consideration  is  that  the  new  computers  be  capable  of 
using  programs  developed  for  earlier  models.  40 

As  will  be  seen,  the  presently  described  microcom- 
puter is  ideally  suited  for  home  and  small  business  appli- 
cations. It  provides  a  wide  range  of  capabilities  includ- 
ing advanced  display  capabilities  not  found  in  compara- 
ble prior  art  computers.  45 

The  closest  prior  art  computer  known  to  applicant  is 
commercially  available  under  the  trademark,  Apple-II. 
Portions  of  that  computer  are  described  in  U.S.  Pat.  No. 
4.136,359. 

SUMMARY  OF  THE  INVENTION  ^^ 

A  digital  computer  which  includes  a  central  process- 
ing unit  (CPU)  and  a  random-access  memory  (RAM) 
with  interconnecting  address  bus  and  data  bus  is  de- 
scribed. One  aspect  of  the  present  invention  involves  55 
the  increased  capability  of  the  CPU  by  allowing  base 
page  or  zero  page  data  to  be  stored  throughout  the 
memory.  Alternate  stack  locations  and  an  improved 
direct  memory  access  capability  are  also  provided  by 
the  same  circuitry.  Detection  means  are  used  for  detect-  60 
ing  a  predetermined  address  range  such  as  the  zero 
page.  This  detection  means  causes  a  special  register 
(Z-register)  to  be  coupled  into  the  address  bus.  The 
contents  of  this  Z-register  provide,  for  example,  a 
pointer  during  direct  memory  access,  or  alternate  stack  65 
locations  for  storing  data  normally  stored  on  page  one. 

The  memory  of  the  invented  computer  is  organized 
in  an  unusual  manner  to  provide  compatibility  with  the 


8-bit  data  bus  and  yet  provide  high  data  rates  (16- 
bits/MHz)  needed  for  high  resolution  displays.  A  first 
plurality  of  memory  devices  are  connected  to  a  first 
memory  output  bus;  these  memory  devices  are  also 
connected  to  the  data  bus.  The  memory  includes  a  sec- 
ond plurality  of  memory  devices  which  are  also  con- 
nected to  the  data  bus;  however,  the  outputs  of  these 
second  devices  are  coupled  to  a  second  output  memory 
bus.  First  switching  means  permit  the  first  and  second 
memory  buses  to  be  connected  to  the  display  for  high 
data  rate  transfers.  Second  switching  means  permit 
either  one  of  the  memory  buses  to  be  connected  to  the 
data  bus  during  non-display  modes. 

The  addressing  capability  of  the  memory  is  greatly 
enhanced  not  only  through  bank  switching,  but  through 
a  novel  remapping  which  does  not  require  the  CPU 
control  associated  with  bank  switching.  In  effect,  the 
"unused"  bits  from  one  of  the  first  and  second  memory 
buses  are  used  for  remapping  purposes.  This  mode  of 
operation  is  particularly  useful  for  providing  toggling 
between  two  separate  portions  of  the  memory. 

The  display  subsystem  of  the  described  computer 
generates  video  color  signal  in  a  unique  manner.  A  4-bit 
color  code  as  used  in  the  prior  art,  is  also  used  with  the 
described  display  subsystem.  However,  this  code  is  used 
to  generate  an  AC  chrominance  signal  and  a  separate 
DC  luminance  signal.  This  provides  enhanced  color 
capability  over  similar  prior  art  color  displays. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  block  diagram  showing  the  major  compo- 
nents and  subsystems  of  the  invented  and  described 
microcomputer  system. 

FIGS.  2  and  3  together  show  the  central  processing 
unit  (CPU)  and  the  architecture  associated  with  this 
CPU,  particularly  the  address  bus  and  data  bus. 

FIG.  2  is  a  circuit  diagram  primarily  showing  the 
address  bus  and  the  logic  means  associated  with  this 
bus. 

FIG.  3  is  a  circuit  diagram  primarily  showing  the 
data  bus  and  its  interconnection  with  the  memory  buses 
(A  bus  and  B  bus),  bootstrap  read-only  memory,  and 
input/output  ports. 

FIGS.  4,  5  and  6  show  the  memory  subsystem. 

FIG.  4  is  a  circuit  diagram  primarily  showing  the 
circuitry  for  selecting  between  address  signals  from  the 
address  bus  and  display  counter  signals. 

FIG.  5  is  a  circuit  diagram  primarily  showing  the 
generation  of  various  "select"  signals  for  the  memory 
devices. 

MG.  6  is  a  circuit  diagram  showing  the  organization 
of  the  random-across  memory  and  its  interconnection 
with  the  data  bus  and  memory  output  buses. 

FIGS.  7  and  8  illustrate  the  display  subsystem  of  the 
invented  computer. 

FIG.  7  is  a  circuit  diagram  showing  the  circuitry  for 
generating  the  digital  signals  used  for  the  video  display. 

FIG.  8  is  a  circuit  diagram  of  the  circuitry  used  to 
convert  the  digital  signals  to  analog  video  signals. 

FIG.  9  is  a  graph  of  several  waveforms  used  to  de- 
scribe a  prior  art  circuit  and  the  circuit  of  FIG.  8. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

A  microcomputer  system  capable  of  driving  a  raster 
scanned  video  display  is  disclosed.  In  the  following 
description,  numerous  specific  details  such  as  specific 
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part  numbers,  clock  rates,  etc,  are  set  forth  to  provide  a 
thorough  understanding  of  the  present  invention.  How- 
ever, it  will  be  obvious  to  one  skilled  in  the  art  that  the 
inventive  concepts  described  in  this  patent  may  be  prac- 
ticed without  these  specific  details.  In  other  instances,   5 
well-known  circuits  have  been  shown  in  block  diagram 
form  in  order  not  to  obscure  the  present  invention  in 
unnecessary  detail- 
Referring  first  to  FIG.  1,  in  general  the  described 
computer  includes  a  central  processing  unit  (CPU)  65,  10 
its  associated  data  bus  42,  address  bus  46,  a  memory 
subsystem  and  a  display  subsystem  58. 

The  address  bus  46  from  the  CPU  is  coupled  to  the 
memory  subsystem  to  permit  the  selection  of  locations 
in  memory.  Some  of  the  address  signals  pass  through  a  15 
multiplexer  47.  For  some  modes  of  operation,  signals 
from  a  register  52  are  coupled  through  the  multiplexer 
47  onto  the  bus  46.  The  register  52  is  identified  as  the 
Z-register  and  is  coupled  to  the  multiplexer  47  by  the  Z 
bus.  The  general  description  of  the  multiplexer  47  and 
its  control  by  the  logic  circuit  41  are  described  in  detail 
in  conjunction  with  FIG.  2.  In  general,  the  circuitry 
shown  to  the  left  of  the  dotted  line  53  is  included  in 
FIG.  2  while  the  CPU  65,  memory  50,  data  bus  42  and 
multiplexer  43  are  shown  in  detail  in  FIG.  3. 

The  address  bus  Nl  is  coupled  to  the  read-only  mem- 
ory 50.  The  output  of  this  memory  is  coupled  to  the 
computer's  data  bus  42.  The  read-only  memory  (ROM) 
50,  as  will  be  described,  stores  test  routines,  and  other 
data  of  a  general  bootstrap  nature  for  system  initializa- 
tion. 

The  data  bus  42  couples  data  to  the  random-access 
memory  (RAM)  60  and  to  and  from  I/O  ports.  This  bus 
also  couples  data  to  the  Z-register  52  and  other  com- 
monly used  registers  not  illustrated.  The  data  bus  42  35 
receives  data  from  the  RAM  60  through  the  A  bus  and 
B  bus  which  are  selected  by  multiplexer  43.  The  periph- 
eral Bus  N2  is  used,  as  is  better  illustrated  in  FIG.  3,  for 
coupling  to  peripherals. 

The  memory  subsystem  is  shown  in  detail  in  FIGS.  4,  40 
5  and  6.  The  address  control  means  which  receives 
addresses  on  bus  46,  makes  the  final  selection  of  mem- 
ory locations  within  the  RAM  60.  Bank  switching, 
addressing  for  display  purposes,  scrolling  and  other 
memory  mapping  is  controlled  by  the  address  control  45 
means  59  as  will  be  described  in  greater  detail  in  con- 
junction with  FIGS.  4  and  5.  The  PAM  60  is  shown  in 
detail  in  FIG.  6.  The  counter  58  which  is  sychronized 
with  the  horizontal  and  vertical  display  signals,  pro- 
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16-bit  address  bus  is  shown  in  FIG.  3  with  its  intercon- 
nections to  the  remainder  of  the  computer.  The  pin 
number  for  each  interconnection  is  shown  adjacent  to 
the  corresponding  line.  In  many  cases,  the  nomencla- 
ture associated  with  the  6502A  (CPU  65)  is  used  in  this 
application.  For  example,  pin  6  receives  the  nonmaska- 
ble interrupt  signal  (NMI),  and  pin  4  is  coupled  to  re- 
ceive the  interrupt  request  signal  (IRQ).  Some  of  the 
signals  employed  with  the  CPU  65,  which  are  well- 
known  in  the  art,  and  which  are  not  necessary  for  the 
understanding  of  the  present  invention  are  not  de- 
scribed in  detail  in  this  application,  such  as  the  various 
synchronization  signals  and  clocking  signals.  The  ad- 
dress signals  from  the  CPU  65  are  identified  as  A0-A7 
and  Ag-Ais.  The  data  signals  associated  with  the  CPU 
65  are  shown  as  D0-D7.  As  will  be  apparent  to  one 
skilled  in  the  art,  the  inventive  concepts  described  in 
this  application  may  be  employed  with  other  micro- 
processors. 

Referring  now  to  FIGS.  2  and  3,  the  general  architec- 
ture, particularly  the  architecture  associated  with  the 
CPU  65  can  best  be  seen.  The  address  signals  A0-A7  are 
coupled  to  a  buffer  103  by  the  bus  shown  primarily  in 
FIG.  2.  These  address  signals  are  also  coupled  to  the 
ROM  50.  The  signals  A0-A7  after  passing  through  the 
buffer  103  are  coupled  to  the  memory  subsystem.  The 
address  signals  Ag-Au  (higher  order  address  bits)  are 
coupled  through  lines  shown  in  FIG.  2  to  the  multiplex- 
ers 47j  and  47/».  The  contents  of  the  Z-register  52  of 
FIG.  1  is  also  connected  to  the  multiplexers  47a  and  47/) 
through  the  Z-bus  (Z1-Z7).  The  multiplexers  47a  and 
476  allow  the  selection  of  either  the  signals  As-Ais 
from  the  CPU  65  or  the  contents  of  the  Z-register 
(Z1-Z7)  for  addressing  the  RAM  60.  The  output  of 
these  multiplexers  are  shown  as  Ag-Ais;  this  designa- 
tion is  used  even  when  the  Z-bus  is  selected.  Note  in  the 
case  of  the  Zo  signal,  this  signal  is  coupled  to  the  multi- 
plexer 47fl  through  the  exclusive  OR  gate  90  for  reasons 
which  are  explained  later.  The  address  signals  Ag-An 
are  also  coupled  to  the  ROM  50,  thus  the  signals 
Ao-Aii  are  used  for  addressing  the  ROM  50.  The  sig- 
nals Ag-Aisare  connected  to  the  logic  circuit  shown  in 
the  lower  left-hand  comer  of  FIG.  2;  this  logic  circuit 
corresponds  to  the  logic  circuit  41  of  FIG.  1. 

The  input  and  output  data  signals  from  the  CPu  65 
are  coupled  by  a  bidirectional  bus  to  the  bidirectional 
buffer  99  (FIG.  3).  This  buffer  is  selectively  disabled  by 
gate  100  to  allow  the  output  of  ROM  50  to  be  communi- 
cated to  CPU  65  and  during  other  times  not  pertinent  to 


vides  signals  both  to  the  address  control  means  59  and  50  the  present  discussion.  The  direction  of  flow  through 


to  the  display  subsystem  48. 

The  display  subsystem  receives  data  from  the  RAM 
60  on  the  A  bus  and  B  bus  and  converts  these  digital 
signals  to  video  signals  which  control  a  standard  raster 
scanned  display.  A  standard  NTSC  color  signal  is  gen-  55 
erated  on  line  197  and  a  black  and  white  video  signal  on 
line  198.  The  same  signals  used  to  generate  these  video 
signals  can  be  used  to  generate  separate  red,  green,  blue 
(RGB)  video  signals.  The  display  subsystem  48  receives 
numerous  timing  signals  including  the  standard  color  60 
reference  signal  shown  as  3.5  MHz  (C3.5M).  This  sub- 
system is  described  in  detail  in  FIGS.  7  and  8. 

COMPUTER  ARCHITECTURE 

In  the  presently  preferred  embodiment,  the  CPU  65  65 
(microprocessor)  employed  with  the  described  com- 
puter  is   a   commercially   available   component,    the 
6502A.  This  8-bit  processor  (8-bit  data  bus)  which  has  a 


the  buffer  99  is  controlled  by  a  read/write  signal  cou- 
pled to  the  buffer  through  inverter  101.  Data  from  the 
CPU  65  is  coupled  through  the  buffer  99  and  bus  42  to 
the  RAM  60  or  to  I/O  ports.  Data  from  the  RAM  60  is 
communicated  to  CPU  65  or  bus  N2  from  the  A  bus  and 
B  bus  through  the  buffer  99.  The  4  lines  of  the  A  bus  and 
4  lines  of  the  B  bus  are  coupled  to  the  multiplexer  43a. 
Similarly,  the  other  4  lines  of  the  A  and  B  buses  are 
coupled  to  the  multiplexer  43b.  Multiplexers  43fl  and 
436  select  the  8  lines  of  the  A  bus  or  B  bus  and  commu- 
nicate the  data  through  to  buffer  99  and  bus  42.  These 
multiplexers  are  selectively  disabled  (for  example,  dur- 
ing writing)  by  gate  102.  As  will  be  described  later,  the 
16  lines  of  the  A  bus  and  B  bus  permits  the  reading  of 
16-bits  from  the  RAM  at  one  time.  This  provides  a  data 
rate  of  16-bits/MHz  which  is  necessary,  for  example, 
for  an  80  character  per  line  display.  The  data  is  loaded 
into  the  RAM  60,  8-bits  at  a  time. 
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The  ROM  50,  as  mentioned,  stores  test  programs.  Next  assume  that  page  one  has  been  selected  by  the 
data  needed  to  initialize  various  registers,  character  CPU  and  that  the  ALT  STK  signal  is  low,  indicating 
generation  data  (for  RAM  162  of  FIG.  7)  and  other  the  alternate  stack  locations  are  to  be  selected.  (A  flag  is 
related  data.  Specific  programs  employed  in  the  pres-  set  by  the  CPU  to  change  the  ALT  STK  signal).  Since 
ently  preferred  embodiment  of  the  computer  are  set  5  the  ALT  STK  signal  is  low  and  As  is  high,  a  high  out- 
forth  in  Table  !.  The  ROM  50  is  selected  by  control  put  occurs  from  the  gate  81.  All  the  inputs  to  gates  83 
signals  coupled  to  its  pins  18  and  20,  identified  as  signals  and  84  are  low,  therefore,  high  outputs  occur  from  both 
ROM  SEL  and  T  ROM  SEL.  Any  one  of  a  plurality  of  these  gates.  The  conditions  of  gate  87  are  met,  causmg 
commercially  available  read-only  memories  may  be  a  high  output  from  this  gate  and  lowering  the  output 
used  for  the  ROM  50.  In  the  presently  preferred  em-  10  from  the  gate  89.  The  Z-bus  is  thus  selected  by  the 
bodiment.  commercially  available  Part  No.  SY2333  is  multiplexers  41a  and  476.  This  allows  the  contents  of 
y^jj  the  Z-register  to  be  used  as  alternate  locations.  Non- 
Referring  now  to  this  logic  circuit  (lower  left-hand  zero  page  locations  are  assured  by  inverting  As-  The 
comer  of  FIG.  2),  the  NAND  gate  81  receives  the  exclusive  OR  gate  90  acts  as  a  selective  inverter.  If  Ag 
address  signal  As  and  also  the  alternate  stack  signal  >5  is  high  and  Zo  is  low  then  Ag  at  the  output  of  the  multi- 
identified  as  ALT  STK.  The  output  of  this  gate  pro-  Plf^^»:  *7a  will  be  low.  Note  that  during  zero  page 
vides  one  input  to  the  AND  gate  87.  The  A,  signal  is  selection  when  Ag.s  low^he  Zosignal  is  direc  ly  com- 
also  coupled  through  the  inverter  82  to  one  input  termi-  mumcated  through  gate  90  to  the  output  of  multiplexer 


47a. 


nal  of  the  NAND  gates  85  and  86.  The  address  signals  ^^  _.        .i_    i     ■              *      i            -^i.  *i.     *  t  -r  c-rir 

.   .                     1  J  .     .1.     ■       .  *            1      f  *u     20  Thus,  the  logic  circuits  along  with  the  ALT  STK 

A9  and  A.o  are  coupled  to  the  input  terminals  of  the  ;            «                        ^^^^.^^^  ^^  ^^  ^j^^^^ 

NORgate83.Theoutputofthisgate.scoupiedtoon^  ^^           ^^^  ^_^^^  ^.^  ^^^^^^  ^^^^^^^  ^^^ 

mput  terminal  of  the  NAND  gates  85  and  86  and   he  ^,„ceof  the  CPU  which  would  otherwise  be  limited  to 

AND  gate  87.  The  add^ss  signals  A n.^^are  coupled  ^^^  ^^^  ^^^^  ,^^^.^^^ 

to  the  mput  terminals  of  the  NOR  gate  84.  The  s.gna^  ^5  j^^  j     ^^  ^^^^-^  ^,f  piG.  2  is  also  used  along  with  the 

An  IS  also  coupled  to  an  input  termmal  of  the  NAND  z.,egister  to  provide  a  pointer  during  direct  memory 

S^^^  ^^                                _             o^      J  00  /  u         u  access  (DMA).  Assume  that  direct  access  to  the  com- 

The  outputs  of  the  AND  gates  87  and  88  (through  ,^  memory  is  required  by  a  peripheral  apparatus. 

NOR  gate  89),  controls  the  multiplexers  47fl  and  41b.  j^  j^-^-^^^  ^^^  ^^j^  ^^^^  ^^^  ^^PU  provides  an  ad- 

When  the  output  of  gate  89  is  low  the  Z-bus  is  selected,  3^  ^^^^  between  F800  and  R8FF.  Through  a  logic  circuit 

otherwise  the  address  signals  from  the  CPU  65  are  se-  ^^^^  illustrated  in  FIGS.  2  and  3.  the  ROM  SEL  signal  is 

lected.  brought  low  for  addresses  between  FOOO  and  FFFF. 

The  logic  circuit  above-described,  along  with  the  -pi^^g  ^^^^^^  j^  communicated  to  gate  93  and  causes  the 

Z-bus  and  Z-register  provide  enhanced  performance  for  output  of  gate  92  to  rise  (DMA  1  is  high  at  this  time), 

the  computer.  First,  this  circuit  permits  the  zero  page  or  35  -j^jg  ^ise  in  potential  is  communicated  to  one  input  of 

base  page  data  to  be  stored  throughout  the  RAM  60  tj,g  g^te  85.  Additionally,  gate  85  senses  that  the  address 

rather  than  just  on  zero  page.  Secondly,  this  circuit  bits  Ag,  A9  and  Aioare  low.  This  information  is  coupled 

enables  addressing  of  alternate  stack  locations  (other  jq  gate  85  through  the  inverter  82  and  the  NOR  gate  83 

than  page  one).  Lastly,  this  circuit  through  the  Z-regis-  ^s  high  signals.  Also  the  fact  that  An  is  high  is  directly 

ter  provides  a  RAM  pointer  for  direct  memory  access  40  communicated  to  gate  85.  Thus,  with  the  address  be- 

(DMA).  tween  F800  and  F8FF  the  DMA  OK  signal  drops  in 

Assume  for  purposes  of  discussion  that  the  CPU  65  is  potential.  This  is  sensed  by  the  peripheral  apparatus 
addressing  the  zero  page  of  memory.  That  is,  the  higher  which  in  turn  causes  the  DMA  1  signal  to  drop  and 
order  address  bits  Ag-Ais  are  all  zeros.  The  zeros  for  provides  a  ready  signal  to  the  CPU  65.  With  the  com- 
A9-A15  are  detected  by  the  gates  83  and  84.  If  all  the  45  pietion  of  this  handshake,  data  may  begin  to  be  trans- 
inputs  to  these  gates  are  zeros,  the  outputs  of  these  gates  ferred  to  the  RAM. 

are  high  which  condition  is  communicated  to  the  gate  xhe  DMA  1  signal  through  gate  93  and  inverter  93 

87.  Ag  which  is  also  low,  insures  that  the  output  of  gate  forces  the  T  ROM  SEL  signal  low.  This  signal  in  addi- 

81  will  be  high.  Thus,  all  the  inputs  to  gate  87  are  high,  tion  to  being  communicated  to  the  ROM  50,  is  coupled 

causing  the  signal  at  the  output  of  the  gate  89  to  drop.  50  to  the  buffer  99  through  gate  100,  disabling  this  buffer 

When  this  occurs,  the  Z-bus  is  selected.  Instead  of  all  (during  the  reading  of  ROM  50).  Also,  the  ready  signal 

the  binary  zeros  from  the  CPU  being  coupled  to  the  causes  the  CPU  to  come  to  a  hard  stop.  Importantly,  the 

main  memory  (RAM  60),  the  contents  of  the  Z-register  DMA  1  signal,  after  passing  through  the  inverter  94  and 

form  part  of  the  address  for  the  memory.  Therefore,  the  gates  88  and  89,  assures  the  selection  of  the  Z-regis- 

even  though  the  CPU  65  has  selected  the  zero  page,  55  ter.  The  contents  of  the  Z-register  are  fixed  and  provide 

nonethelessdata  may  be  written  into  or  from  any  loca-  a  pointer  to  a  page  in  the  RAM. 

tion  of  RAM  60  (including  the  zero  page).  This  en-  Under  the  above  conditions,  the  CPU  increments  the 

hances  the  performance  of  the  CPU,  since  for  example,  lower  8-bits  of  the  address  signal.  The  ROM  50  fur- 

the  time  consumed  in  shifting  data  to  and  from  a  single  nishes  the  instructions  for  incrementing  the  address, 

zero  page  is  minimized.                                                      60  specifically  SBC  #1  and  BEQ.  The  peripheral  appara- 

Normally,  the  CPU  65  selects  page  one  for  stack  tus  provides  the  data  or  receives  the  data  in  synchroni- 

locations.  This  occurs  when  Ag  is  high  and  A9-A15  are  zation  with  the  CPU  operation.  The  peripheral  also 

low.  Assume  first  that  the  alternate  stack  locations  have  furnishes  a  read/write  signal  to  indicate  which  opera- 

not  been  selected.  Both  inputs  to  gate  81  are  high  and  its  tion  is  to  occur.  Data  is  then  written  into  RAM  via  bus 

output  is  low.  The  low  input  to  the  gate  87  prevents  the  65  N2  and  bus  42,  or  read  from  RAM  via  the  A  and  B  buses 

selection  of  the  Z-bus.  Thus,  for  these  conditions  the  and  bus  N2. 

address  signals  A0-A7  select  stack  locations  on  page  Importantly,   with  the  above  DMA  arrangement, 

one.  addresses  from  the  peripheral  apparatus  are  not  neces- 
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sary  and  the  Z-register  is  used  to  provide  a  pointer  to  a  lower  right-hand  corner  of  FIG.  6,  the  various  signals 
page  in  RAM  60.  applied  to  each  device  (including  the  address  signals), 

along  with  the  corresponding  pin  numbers  are  shown. 

MEMORY  SUBSYSTEM  Other  circuitry  not  illustrated  is  the  refresh  control 

The  memory  sybsystem  shown  in  FIG.  1  as  the  ad-    5    circuitry  which  operates  in  a  well-known  manner  in 

dress  control  means  59  and  RAM  60  is  illustrated  in        conjunction  with  the  CAS,  RAS  and  address  signals  to 

detail  in  FIGS.  4,  5  and  6  as  mentioned.  In  FIGS.  4  and        refresh  the  dynamic  devices. 

5,  the  memory  control  means  is  shown,  while  in  FIG.  6  Each  row  of  memory  devices  106  receives  a  unique 

the  memory  devices  and  their  organization  are  illus-  combination  of  CAS  and  RAS  signals.  For  example, 
trated.  The  address  control  means  of  FIGS.  4  and  5  10  row  111  receives  CAS  5.  7  and  RAS  4.  5;  similarly,  row 
receives  the  address  signals  from  the  CPU  65  (Ao-Ais),  112  receives  CAS  0  and  RAS  0,  3.  The  generation  of 
the  count  in  the  vertical  and  horizontal  counters  these  CAS  and  RAS  signals  is  described  in  conjunction 
(counter  58  of  FIG.  1)  which  are  used  during  display  with  FIG.  5.  These  signals  (along  with  the  14-bit  ad- 
modes,  control  signals  from  the  CPU  and  other  signals.  dress  signals)  permit  the  selection  of  a  single  8-bit  loca- 
In  genreal,  this  control  means  develops  the  address  15  tion  in  the  96K  byte  memory  (for  writing)  and  also  the 
signals  which  are  coupled  to  the  RAM  of  FIG.  6  includ-  selection  (for  reading)  of  16-bit  locations, 
ing  the  column  address  and  row  address  signals,  com-  The  memory  of  FIG.  6  may  be  expanded  to  a  128K 

monly  referred  to  as  CAS  and  RAS.  Other  related  func-  byte  memory  by  using  32K  memory  devices,  such  as 
tions  are  also  shown  in  FIGS.  4  and  5,  such  as  the  cir-  Part  No.  4132.  In  this  case,  four  rows  of  eight.  32K 
cuitry  which  provides  display  scrolling,  indirect  RAM  20  memory  devices  are  used  with  each  row  receiving  two 
addressing  and  memory  mapping.  CAS  and  RAS  signals. 

The  CPU  of  FIG.  3  provides  a  16-bit  address  for  Before  reviewing  FIG.  4,  a  general  understanding  of 

addressing  the  memory.  Under  ordinary  circumstances  the  organization  of  the  display  is  helpful.  The  display, 
this  address  limits  the  memory  capacity  to  64K  bytes.  during  certain  modes,  is  organized  into  80  horizontal 
This  size  memory  is  insufficient  in  many  applications,  as  25  segments  and  24  vertical  segments  for  a  total  of  1920 
for  example,  to  effectively  use  the  Pascal  program  Ian-  blocks.  1 1-bits  of  the  counter  58  of  FIG.  1  are  used  as 
guage.  As  will  be  described  in  greater  detail,  the  address  part  of  the  address  signals  for  the  memory  to  access  data 
control  means  of  FIGS.  4  and  5  enable  the  use  of  a  for  displaying  during  these  modes.  These  counter  sig- 
memory  havmg  a  96K  byte  or  128K  byte  capacity.  One  nals  are  shown  in  FIG.  4  as  H0-H5  and  V0-V4.  During 
well-known  technique  which  is  used  with  the  present  30  other  display  modes  each  horizontal  segment  is  further 
invention  for  increasing  this  capacity  is  bank  switching;  divided  into  8  segments  (e.g.  for  displaying  80  alpha 
this  switching  occurs  under  the  contol  of  the  CPU.  In  numeric  characters  per  line).  This  requires  3  additional 
addition,  the  address  control  means  uses  a  unique  indi-  vertical  timing  signals  shown  as  V^,  Vb  and  Vc  in 
rect  addressing  mode  which  provides  the  benefits  of        FIGS.  4  and  7. 

bank  switching,  however,  this  mode  does  not  require  35  Often  in  the  prior  art,  two  separate  counters  are  used 
CPU  control.  This  greately  enhances  CPU  operation  to  supply  the  timing/address  signals  for  accessmg  a 
with  the  larger  memory  (as  will  be  described)  when  memory  when  the  data  in  the  memory  is  displayed.  The 
compared  to  the  CPU  controlled  bank  switching.  count  in  one  counter  represents  the  horizontal  lines  of 

Referring  first  to  FIG.  6.  the  RAM  configuration  is  the  screen  (vertical  count)  and  the  other  the  position 
illustrated  for  a  capacity  of  96K  bytes.  The  memory  is  40  along  each  line,  (horizontal  or  dot  count).  In  many  prior 
organized  into  six  rows,  each  of  which  includes  eight  art  displays  the  most  significant  bit  of  the  dot  counter  is 
16K  memory  devices  such  as  rows  111  and  112.  In  the  used  to  increment  the  line  counter.  Data  m  memory 
presently  preferred  embodiment,  Part  No.  41 16  MOS  intended  for  display  is  mapped  with  a  one-to-one  corre- 
dynamic  RAMs  are  used.  (The  pin  designations  and  lation  to  the  counts  in  these  counters.  In  another  pnor 
signal  designations  refer  to  this  memory  device.)  Obvi-  45  art  system  (implemented  in  the  Apple-II  computer  sold 
ously.  other  memory  devices  may  be  employed.  by  Apple  Computer,  Inc.)  this  one-to-one  correlation  is 

Input  data  to  these  memory  devices  106  is  provided  not  used.  Rather,  to  conserve  on  circuitry,  a  single 
from  the  bus  42.  Each  line  in  the  bus  42  is  connected  to  counter  is  employed  and  a  more  dispersed  mapping  is 
the  data  input  terminal  of  one  device  106  in  each  row.  used  in  the  memory.  (Note  that  where  a  maximum  hon- 
The  interconnection  of  this  bus  with  each  of  the  mem-  50  zontal  count  of  80  is  used,  this  number  cannot  be  repre- 
ory  devices  is  not  shown  in  FIG.  6  in  order  to  overcom-  sented  by  all  ones  in  a  digital  counter  and  thus  the  verti- 
plicate  this  drawing.  By  way  of  example,  however,  line  cal  counter  cannot  easily  be  incremented  by  the  most 
107  connects  the  data  bit  D7  to  the  data  input  terminal  significant  bit  in  the  horizontal  counter.)  Since  this 
of  one  of  the  memory  devices  in  each  of  the  six  rows.  more  dispersed  mapping  technique  is  part  of  the  pnor 
Three  rows  of  devices  106  have  their  output  termi-  55  art  and  not  critical  to  an  understanding  of  the  present 
nals  coupled  to  the  A  bus,  and  three  rows  are  similariy  invention,  it  shall  not  be  described  in  detail.  However, 
coupled  to  the  B  bus.  By  way  of  example,  line  108  con-  the  manner  in  which  it  is  implemented  shall  be  discussed 
nects  three  output  terminals  of  devices  106  to  the  DB7  in  conjunction  with  the  adder  114  of  FIG.  4.  For  pur- 
line  of  the  B  bus  while  line  109  connects  three  output  poses  of  discussion,  the  signals  from  the  counter  58  ot 
terminals  of  the  devices  106  to  the  DA7  line  of  the  A  60  FIG.  1  are  designated  as  either  vertical  (V)  or  honzon- 
bus  tal  (H). 

The  described  memory  devices  106  are  each  orga-  Referring  now  to  FIG.  4,  the  selection  of  either  the 

nized  as  a  16ICX1  memory.  Thus,  each  device  receives  counter  signals  on  the  address  signals  from  the  CPU  is 
a  14-bit  address  which  is  time  multiplexed  into  two,  made  by  the  multiplexers  116, 117, 118  and  119_Each  of 
7-bit  addresses.  This  multiplexing  occurs  under  the  65  these  commercially  available  multiplexers  (Part  No. 
control  of  the  CAS  and  RAS  signals  as  is  well-known.  153)  couples  one  of  four  mput  Imes  to  an  output  line. 
The  Hnes  coupling  the  address  signals  to  each  of  the  There  are  eight  inputs  to  multiplexers  116,  117  and  118 
devices  in  FIG.  6  are  not  illustrated.  However,  in  the        and  the  outputs  of  these  multiplexers  provide  the  ad- 
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dress  signals  for  the  memories  (ARO  through  AR5).  The 
multiplexer  119  has  four  inputs  on  its  pins  3,  4,  5,  6  and 
provides  a  single  output  on  pin  7»  the  AR6  address 
signal.  (The  signals  supplied  to  pins  11,  12  and  13  of 
multiplexer  119  are  for  clamping  purposes  only.) 

The  AX  signal  is  applied  to  the  pin  14  of  each  of  the 
multiplexers.  The  signal  on  this  line  and  the  signal  ap- 
plied to  pin  2,  determines  which  of  the  four  inputs  is 
coupled  to  each  of  the  outputs  of  the  multiplexers.  The 
AX  signal  is  a  RAM  timing  signal  for  clocking  the  first 
7  bits  and  second  7  bits  of  the  multiplexed  14~bit  address 
applied  to  each  of  the  memory  devices  106.  The  other 
control  signal  to  the  multiplexers  is  developed  through 
the  AND  gate  123.  The  inputs  to  this  gate  are  the  dis- 
play signal  (DSPLY)  which  indicates  that  the  computer 
is  in  a  display  mode  and  a  clocking  signal,  specifically  a 
I  MHz  timing  signal  (CIM).  The  output  of  the  AND 
gate  123  determines  whether  the  address  signals  from 
the  CPU  or  the  signals  associated  with  the  counter  58  of 
FIG.  1  are  selected. 

Assume  for  purposes  of  discussion  that  the  display 
has  not  been  selected,  and  thus,  the  output  of  gate  123  is 
low.  The  AX  signal  then  selects  for  pin  7  of  multiplexer 
116  first  the  address  signal  Ao  and  then  A*.  Likewise, 
each  of  the  multiplexers  selects  an  address  signal  (ex- 
cept for  those  associated  with  exclusive  OR  gates  124 
and  125  which  shall  be  discussed).  If  the  display  signal 
is  high  and  an  output  is  present  from  the  gate  123,  then, 
by  way  of  example,  the  AX  signal  first  causes  the  Hi 
signal  and  then  the  Vi  signal  to  be  connected  to  the 
ARl  address  line.  Similarly,  signals  corresponding  to 
the  vertical  and  horizontal  count  are  coupled  to  the 
other  address  lines  during  display  modes. 

The  adder  114  is  an  ordinary  digital  adder  for  adding 
two  4-bit  digital  nibbles  and  for  providing  a  digital  sum  35 
signal.  A  commercially  available  adder  (Part  No.  283)  is 
employed.  The  carry-in  terminal  (pin  7)  is  grounded 
and  no  carry-outs  occur  since  one  of  the  inputs  (pin  12) 
is  grounded.  The  adder  sums  the  digital  signal  corre- 
sponding to  H3,  H4  and  H5  with  the  digital  signal  corre- 
sponding to  V3,  V4,  V3,  V4.  The  resultant  sum  signal  is 
coupled  to  the  multiplexers  116,  117  and  118  as  illus- 
trated, the  summing  of  these  horizontal  and  vertical 
counter  signals  is  used  to  provide  the  more  dispersed 
mapping  as  previously  discussed. 

The  adder  121  is  identical  to  adder  114  and  is  coupled 
to  sum  the  three  least  significant  vertical  counter  bits 
from  the  counter  58  (FIG.  2)  with  the  signals  VAl,  VBl 
and  VCl.  The  sum  is  selected  by  the  multiplexer  120 
during  the  high  resolution  display  modes  and  also  dur- 
ing scrolling  as  will  be  described.  These  sum  signals  are 
coupled  to  the  multiplexers  117,  118  and  119.  During 
the  low  resolution  display  modes,  the  multiplexer  120 
couples  ground  signals  or  the  page  2  sigial  (PG2)  to  the 
multiplexers  117,  118  and  119.  (The  PG2  signal  is  used  55 
for  special  mapping  purposes,  not  pertinent  to  the  pres- 
ent invention.)  During  the  high  resolution  modes  when 
the  display  is  not  being  scrolled,  the  VAl,  VB2  and 
VB3  signals  are  at  ground  potential  and  thus  no  sum- 
ming occurs  within  adder  121  and  the  VA,  VB  and  VC  60 
signals  are  coupled  directly  to  the  multiplexers  117, 118 
and  119. 

The  address  signals  Aio,  An,  and  A13  from  the  CPU 
are  coupled  to  the  multiplexers  117,  118  and  119,  re- 
spectively, through  exclusive  OR  gates  124,  125.  and  65 
126,  respectively.  The  other  input  terminals  to  gates  124 
and  125  receive  the  C3  signal,  while  the  other  input 
terminal  of  the  gate  126  receives  the  Ci  signal.  (The 
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development  of  the  Ci  and  C3  signals  is  illustrated  in 
FIG.  5.)  The  gates  124,  125  and  126  provide  mapping 
compensation  within  the  memory.  As  the  computer  and 
memory  are  presently  implemented,  the  sequence  in 
which  the  various  portions  of  the  display  are  generated 
is  not  the  same  as  the  sequence  in  which  the  data  is 
removed  from  memory  for  display.  These  gates  provide 
compensating  addresses  and,  in  effect,  cause  a  remap- 
ping so  that  the  proper  sequence  is  maintained  when 
data  is  read  from  the  memory  for  the  display.  These 
gates  are  shown  to  provide  a  complete  disclosure  of  the 
presently  preferred  embodiment,  however,  they  are  not 
critical  to  the  present  invention. 

In  operation,  the  circuitry  of  FIG.  4,  as  mentioned, 
selects  the  address  signals  which  are  applied  to  each  of 
the  memory  devices,  either  from  the  CPU  or  counter  if 
the  display  mode  is  selected.  It  should  be  noted  that  not 
all  of  the  address  bits  from  the  CPU  are  coupled  to  the 
multiplexers  116  through  119.  Some  of  these  address 
bits,  as  will  be  described  in  conjunction  with  FIG.  5,  are 
used  to  develop  the  various  CAS  and  RAS  signals  and 
thus  select  different  rows  within  the  memory  of  FIG.  6. 

The  scrolling  operation  which  is  used  is  somewhat 
unusual  in  that  each  line  of  the  display  is  separately 
moved  up  (line-by-line)  with  one  line  of  data  in  memory 
being  moved  for  each  frame.  This  technique  provides  a 
uniform,  esthetically  pleasing,  scroll.  Scrolling  the 
screen  one  line  per  frame  can  be  achieved  by  moving  all 
the  data  in  the  memory  into  a  new  position  for  each 
frame.  This  would  be  very  time  consuming  and  imprac- 
tical. With  the  described  technique,  only  one-eighth  of 
the  data  in  the  memory  is  moved  for  each  new  frame. 

Referring  to  the  adder  121,  as  mentioned,  the  signals 
V^,  Vb  Vc  are  the  three  least  significant  vertical 
counter  bits  from  the  counter  58.  These  bits  or  counts, 
by  way  of  example,  represent  the  8  horizontal  lines  of 
each  character.  In  adder  12,  a  3-bit  digital  signal,  VAl, 
VBl  and  VCl,  is  added  to  the  count  from  counter  58. 
This  3-bit  signal  is  constant  during  each  frame,  how- 
ever, it  is  incremented  for  each  new  frame. 

During  a  first  frame,  000  is  added  to  the  vertical 
count.  During  a  second  frame,  001  is  added;  and  during 
a  third  frame,  010  is  added,  and  so  on.  By  adding  this 
digital  signal  to  the  count  from  counter  58,  the  ad- 
dresses to  the  memory  are  changed  in  the  vertical  sense. 
During  the  first  frame  when  000  is  added,  the  display 
remains  unaffected.  During  the  next  frame,  when  001  is 
added  to  the  vertical  count,  instead  of  first  displaying 
the  first  line  of  a  character,  the  second  line  of  each 
character  is  displayed  at  the  top  of  each  character  space 
and  each  subsequent  line  of  the  character  is  likewise 
moved  up  one  line.  If  data  in  memory  is  not  moved,  the 
first  line  of  the  character  would  appear  at  the  bottom  of 
each  character.  Note  when  001  is  added  to  1 1 1  from  the 
counter,  000  results.  Thus,  the  first  line  of  characters 
would  be  addressed  when  the  beam  is  scanning  the 
eighth  line  of  characters.  To  prevent  this,  the  data  cor- 
responding to  the  first  line  of  each  character  is  moved  in 
memory  for  this  frame.  The  first  line  of  one  character  is 
moved  up  and  becomes  the  bottom  line  of  the  character 
directly  above  it.  When  010  is  added,  the  process  is 
again  repeated.  For  example,  the  third  line  of  each  char- 
acter is  first  displayed  in  each  character  space  and  the 
second  line  of  each  character  is  moved  up  to  become 
the  bottom  line  of  the  character  directly  above  it.  This 
process  is  repeated  to  scroll  the  data.  The  movement  of 
data  in  memory  is  controlled  by  the  CPU  in  a  well- 
known  manner. 
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Thus,  through  use  of  adder  121,  an  even,  continuous 
scroll  is  obtained  without  moving  all  the  data  in  mem- 
ory for  each  frame.  Rather,  only  ith  of  the  data  is 
moved  for  each  frame. 

Referring  now  to  FIG.  5,  the  circuitry  used  to  extend 
the  addressing  from  the  CPU  is  illustrated.  In  general, 
the  CAS  signals  are  generated  by  the  ROMs  127  and 
128.  The  RAS  signals  are  generated  by  the  ROM  132. 
The  multiplexer  130  allows  the  selection  of  either  the 
bank  switching  signals,  or  the  unique  indirect  address- 
ing mode  when  "bank  switching"  occurs  without  direct 
commands  from  the  CPU. 

The  CAS  ROM  127  receives  as  an  address  the  fol- 
lowing signals:  PRAS.<i>3,  PRAS  1,2  AY,  DHIRES, 
R/W,  All,  Ai3,  Ai4,  and  A15.  As  the  PRAS(/>,  3  and 
PRAS  1,  2  represent  the  RAS  signals  being  used.  These 
signals  are  high  when  the  respective  RAS  signal  is  ac- 
tive. 

As  previously  mentioned,  the  AY  signal  is  high  for 
display  modes  and  the  DHIRES  signal  is  high  for  high  20 
resolution  display  modes.  The  CAS  ROM  128  receives 
as  address  signals  the  ABKl.  ABK2,  and  ABK3  signals 
and  also  DHIRES,  AY,  IND,  An,  A13,  Au,  and  A15. 

The  ROMS  127  and  128  are  programmed  to  imple- 
ment the  following  equations. 


PCASO  =  (PRAS0.3  (DHIRES  AY  +  A Y  (A15-AT- 
4-AI3■A^■^^7WN+Al3.AW^13.R/WN+Al- 
5■AI4■AI3+ A1SAI4AUA11))) 


PCAS2  =  (DHIRESAY  +  AY(ABKIABK2ABK- 
3IND  ^  ABKl  ABK2ABK3HA15A14- 
)  +  AY1NDABK1ABK2ABIc3A15(A14A13- 

+  A 14- A 13)) 

PCAS3  =  PRASO.  

3(DHIRESAY4-AY(Al5A14A13An+Al- 
5.AI4AD- All  +  AI5- A14.A13))) 


(1) 


(2) 


(3) 


PCAS4.6=(AY  INDABK3A15(ABK1  ABK- 

2  + ABKI)ABK2J 

(AU-A13  +  A14-A13)  +  AY1ND  ABK3(ABK- 
IABK1A15  +  ABK2ABK1+ABK2  AgK- 
l-An)AP+ AY  TKD  ABKIABK2  ABK3  (Ai- 

5XWA13  +  A15         

•A14.AI3)  +  A  YIND- ABK3  ABK2(AT5-ABK- 
H-A15-AIKI).(A14-A13-*-A14.AI3)) 

PCAS5. 

7,  =  (AYINDABK3-(ABK1ABK2+ABK1- 
ABK2)(A15A14-A13  +  A15Ali-A13)  +  AYl- 
NDABK3(ABK2  ABKl  A15  +  ABIQABK- 
H-ABK2ABK1A15)A14  +  AYINDABK- 
1- ABm-ABK3(A15- A14)  +  A  YINDABK- 
3ABIC2.(A15.ABK1  +  A15ABKl)-<A14-A13- 
+  AI4.AH)) 


(4) 


(5) 
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In  effect,  these  ROMs  are  programmed  to  allow  selec- 
tion of  predetermined  rows  in  the  memory,  based  on  the 
address  signals  Aio,  A13,  A14  and  A 15,  (ignoring  for  a 
moment  the  contribution  of  the  RAS  signals  and  the  55 
other  signals  appearing  in  the  equations). 

The  outputs  of  the  CAS  ROMs  127  and  128  are  cou- 
pled to  the  register  131.  Register  131  is  a  commercially 
available  register  which  permits  the  enabling  of  output 
signals  (Part  No.  374).  During  accessing  of  the  memory  60 
the  various  CAS  signals  (CAS  0  through  CAS  7)  are 
coupled  to  the  memory  of  FIG.  6  to  permit  selection  of 
the  appropriate  memory  devices.  The  signal  USELB 
from  CAS  ROM  127  through  register  131  selects  either 
the  A  bus  or  B  bus.  This  signal  is  coupled  to  the  multi-  65 
plexers  43a  and  436  of  FIG.  3. 

During  normal  operation,  the  multiplexer  130  selects 
the  bank  switching  signals  BCKSW  1  through  BCKSW 


4.  These  four  signals  (or  alternatively  four  signals  from 
the  A  bus)  provide  four  of  the  inputs  (address  signals)  to 
the  ROM  132.  The  other  inputs  to  this  ROM  are  the 
DHIRES.  Z  PAGE,  PAS,  PAIS,  RFSH  (refresh),  and 
AY  signals.  These  address  signals  select  the  RAS  0,  3; 
RAS  1, 2;  RAS  4,  5  and  RAS  6, 7  signals.  The  ROM  132 
is  programmed  to  implement  the  following  four  equa- 
tions. 


PRAS0.3=AY(DH1RES  +  RFSH)  +(ABK4.(Z 
PagePA8))  +  ABKlABK2-ABK3).AY 

PRASI.2  ^  AY  (DHIRES  +  RFSH)  +  AY(ABK- 
1ABK2ABK3(ABK4-(ZPAGEPA8)PA15~ 
)  +  ABKl  ABK2  ABK3)  +  AY  AB1G-(ABK- 
TABK2ABK4-(ZPAGEFA8)PA15+ABK- 
1ABIC2{ABK4.{ZPAGE.PA«).FS1B) 


(6) 


(7) 


(8) 


PRAS4.5  =  RFSHA  Y+AYABK2-ABK3-<ABK- 
TABK:4-(ZPAGEPA8)-PA1S  +  ABK1(ABK- 
4.(ZPAGEPA8)PA15) 

PRAS6,7=RFSHAY-t-AYAMe3(ABKlABK- 
2ABK4-(ZPAGEPA8)PA15+ ABKl- ABK- 
2-(ABK4-(ZPAGE.PA8).PAi5) 


Thus,  the  bank  switching  signals  (along  with  the  other 
input  signals  to  ROM  132)  select  predetermined  rows  in 
memory  in  conjunction  with  the  CAS  signals. 

The  output  signals  of  the  ROM  132  are  coupled 
through  the  NAND  gates  142,  143,  144  and  145  to  the 
memory.  The  other  input  terminals  of  these  gates  re- 
ceive the  RAS  timing  signal.  In  this  manner,  the  output 
signals  of  the  ROM  132  are  clocked  through  the  gates 
142  through  145  to  provide  the  RAS  signals  shown  in 
FIGS.  5  and  6. 

An  important  feature  to  the  presently  described  com- 
puter is  provided  by  the  circuitry  shown  within  the 
dotted  line  146.  The  AND  gate  148  receives,  at  its  input 
terminals,  the  DA7,  A12,  and  C3  signals.  The  NOR  gate 
149  receives  the  zero  page  and  Ais signal.  The  output  of 
gate  149  provides  one  input  to  the  gate  148  and  also  one 
input  to  the  AND  gate  150.  The  output  of  gate  148 
provides  another  input  signal  to  gate  150  and  this  signal 
(line  153)  is  one  of  the  two  control  signals  coupled  to 
the  multiplexer  130.  The  AND  gates  150  and  151  also 
receive  a  SYNC  signal  and  the  <|>o  signal.  The  output  of 
the  gates  150  and  151  are  coupled  to  a  NOR  gate  152 
with  the  output  of  the  gate  152  (line  154)  coupled  to  the 
other  control  terminal  of  the  multiplexer  130. 

The  gates  150,  151  and  152  effectively  form  a  clock 
for  multiplexer/register  130  (multiplexer  130  is  a  com- 
mercial part.  Part  No.  399,  which  effectively  is  a  regis- 
ter/multiplexer). This  selects  the  lower  four  input  lines 
to  the  multiplexer  130.  However,  because  of  the  syn- 
chronization signal  applied  to  gate  151,  the  multiplexer 
130  selects  the  bank  switching  signals  each  time  an  OP 
code  is  fetched  by  the  CPU. 

To  understand  the  operation  of  the  circuit  shown 
within  the  dotted  line  146  it  should  be  recalled  that  the 
memory  of  FIG.  6  provides  a  16-bit  output.  As  men- 
tioned, during  certain  display  modes,  16-bits/msec.  are 
needed  for  display  purposes.  In  nondisplay  modes,  only 
8-bits  are  required,  particularly  for  interaction  with  the 
CPU.  When  the  memory  is  addressed  by  the  CPU  dur- 
ing the  indirect  addressing  modes  the  data  on  the  A  bus 
is  not  ordinarily  used.  However,  with  the  circuitry 
shown  within  the  dotted  line  146,  this  otherwise  "un- 
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used"  data  is  put  to  use  to  provide  the  equivalent  of  the 
bank  switching  signals  through  multiplexer  130. 

Whenever  the  CPU  selects  a  predetermined  range  of 
addresses,  the  multiplexer  130  selects  the  equivalent  of 
the  bank  switching  signals  from  the  A  bus  provided    5 
DA7  is  high.  (This  occurs  when  addressing  as  zero  page 
the  address  space  -1800  through  IFFF.)  Once  the  signal 
on  line  153  is  high  it  is  latched  through  gates  150,  151 
and  152  causing  the  multiplexer  130  to  select  the  four 
bits  from  the  A  bus  (assuming  the  timing  signals  are  10 
high).  Even  if  the  next  reference  from  the  CPU  is  not  to 
this  special  address  range,  the  multiplexer  130  nonethe- 
less remains  latched  with  the  four  bits  from  the  data  bus. 
Once  the  SYN  pulse  drops,  however,  which  is  an  indi- 
cation that  an  OP  code  is  being  fetched,  the  signal  on  15 
line  154  rises  in  potential,  causing  the  multiplexer  to 
switch  back  to  the  bank  switching  signals. 

Effectively,  what  occurs  is  that  when  the  CPU  selects 
this  special  address  range,  (and  provided  DA7  is  high) 
the  bits  DAO  through  DA3  which  are  stored  in  mem-  20 
ory,  cause  a  remapping,  that  is,  the  address  from  the 
CPU  accesses  a  different  part  of  the  memory.  With  the 
fetching  of  each  OP  code,  the  mapping  automatically 
returns  to  the  bank  switching  signals.  Importantly,  the 
remapping,  which  occurs  is  controlled  by  the  bits  stored  25 
in  the  RAM  (DA<i>  through  DA3).  Thus,  with  the 
remapping  information  stored  in  RAM,  toggling  can 
occur  between  different  portions  of  the  memory  with- 
out requiring  bank  switching  signals,  or  the  like  from 
the  CPU.  This  enhances  the  CPU's  performance  since  30 
CPU  time  is  not  used  for  remapping.  Additionally,  it 
provides  an  easy  tool  for  programming. 

For  some  program  languages  it  is  desirable  to  sepa- 
rate data  and  the  program  into  separate  portions  of  the 
memory.  For  example,  the  128K  memory  can  be  di-  35 
vided  into  two  64K  memories,  one  for  program  and  one 
for  data.  Switching  can  occur  between  these  memory 
portions  without  the  generation  of  bank  switching  sig- 
nals by  the  CPU  with  the  above  described  circuit.  This 
arrangement  is  particularly  useful  when  using  the  Pas-  40 
cal  program  language. 

DISPLAY  SUBSYSTEM 

The  display  subsystem  48  of  FIG.  1  receives  data 
from  the  A  bus  and  B  bus  and  converts  the  data  into  45 
video  signals  which  may  be  used  for  displaying  alpha- 
numeric characters  or  other  images  on  a  standard  raster 
scanned  cathode  ray  tube  display.  The  display  subsys- 
tem 48  specifically  generates  on  line  197,  a  standard 
NTSC  color  video  signal  and  a  video  black  and  white  50 
video  signal  on  line  198  (FIG.  8).  This  display  subsys- 
tem, in  addition  to  other  inputs,  receives  a  synchroniza- 
tion signal,  and  several  clocking  signals.  For  sake  of 
simplicity,    the    standard    color    reference    signal    of 
3.579545  MHz  is  shown  as  C3.5M.  Twice  this  fre-  55 
quency  and  four  times  this  frequency  are  shown  as  C7M 
and  C14M,  respectively. 

Before  describing  the  details  of  the  display  subsystem 
48,  a  discussion  of  a  prior  art  display  system  will  be 
helpful  in  understanding  the  present  display  subsystem.  60 
In  U.S.  Pat.  No.  4,136,359,  a  video  display  system  is 
described  which  is  implemented  in  a  commercially 
available  computer,  Apple-II,  sold  by  Apple  Computer, 
Inc.,  of  Cupertino,  Calif.  In  this  system,  4-bit  digital 
words  are  shifted  in  parallel  into  a  shift  register.  These  65 
words  are  then  circulated  in  the  shift  register  at  14  MHz 
to  defme  a  waveform  having  components  at  3.5  MHz. 
Referring  to  FIG.  9,  line  206,  assume  that  the  digital 


word  0001  is  placed  in  the  shift  register  and  circulated 
at  a  rate  of  14  MHz.  The  resultant  signal  which  has  a 
component  of  3.5  MHz  is  shown  on  line  206.  The  phase 
relationship  of  this  component  to  the  3.5  MHz  reference 
signal  determines  the  color  of  the  resultant  video  signal. 
This  relationship  is  changed  by  changing  the  4-bit  word 
placed  in  the  shift  register.  As  explained  in  the  above- 
referenced  patent,  if  the  signal  1000  is  placed  in  the 
register  and  circulated,  the  resultant  phase  relationship 
of  the  3.5  MHz  component  results  in  the  color  brown, 
this  signal  is  shown  on  line  208.  With  this  prior  art 
technique,  the  luminance  was  determined  by  the  DC 
component  of  the  signals  such  as  shown  on  lines  206  and 
208. 

The  display  subsystem  48  of  FIG.  1  also  uses  4-bit 
words  to  generate  the  various  color  signals  in  a  manner 
somewhat  similar  to  the  above-described  system.  Refer- 
ring to  FIG.  8,  4-bit  words  representative  of  colors  (16 
possible  colors)  are  coupled  to  the  bus  180.  (The  genera- 
tion of  these  words  shall  be  described  in  detail  in  con- 
junction with  FIG.  7.)  Instead  of  using  a  shift  register 
which  circulates  the  4-bit  work,  the  same  result  is 
achieved  by  using  a  multiplexer  205  which  sequentially 
selects  each  of  the  lines  of  the  bus  180.  The  signals  on 
bus  180  also  provide  a  luminance  signal  and  a  black  and 
white  video  signal  with  a  gray  scale. 

The  4  lines  of  the  bus  180  are  coupled  to  multiplexer 
205;  this  multiplexer  also  receives  the  C7M  and  the 
C3.SM  timing  signals.  These  two  timing  signals  cause 
each  of  the  four  lines  to  be  sequentially  selected  and 
coupled  to  line  191.  (Note  that  the  order  in  which  each 
of  the  lines  of  the  bus  180  is  selected  does  not  change.) 

In  effect,  the  multiplexer  operates  to  serialize  the 
parallel  signal  from  bus  180.  Assume  for  sake  of  expla- 
nation that  the  digital  signals  on  bus  180  are  1000  as 
indicated  in  FIG.  8.  The  signal  on  line  191  will  then  be 
10001000 The  output  of  the  multiplexer  205  cou- 
pled to  the  input  of  the  inverter  204  also  receives  in  a 
sequential  order,  the  signals  from  bus  180,  however,  in 
a  different  order.  For  the  example  shown,  the  input  to 
inverter  204  is  00100010 ....  After  inversion,  this  results 
in  the  signal  1101  UOl  ...  on  line  192.  Effectively,  the 
signals  on  lines  191  and  192  are  added  by  resistors  199 
and  200.  The  resultant  waveform  is  an  AC  signal  (no 
DC  component)  shown  in  FIG.  9  on  line  209.  Thus, 
with  the  described  circuit,  a  chroma  signal  is  generated, 
having  a  predetermined  phase  relationship  to  the  3.5 
MHz  color  reference  signal.  This  phase  relationship 
which  is  varied  by  changing  the  signals  on  bus  180 
determines  the  color  of  the  video  signal  on  line  197. 

In  the  prior  art  display  discussed  above,  the  DC  com- 
ponent of  the  color  signal  determines  the  luminance.  In 
the  present  invention,  the  signals  on  bus  180  are  coupled 
to  the  base  of  transistor  195,  consists  of  an  AC  signal 
from  resistors  199  and  200,  and  the  luminance  level  also 
determined  by  the  signals  on  bus  180.  These  inputs  to 
transistor  195,  along  with  the  C3.5M  signal,  generate  a 
NTSC  color  signal  on  line  197  of  improved  quality 
when  compared  to  the  discussed  prior  art  system. 

In  some  cases,  the  signals  on  bus  180  are  all  binary 
ones  or  all  binary  zeros.  When  this  occurs,  there  is  no 
AC  component  from  resistors  199  and  200  (no  color 
signal)  and  the  resultant  signal  on  line  197  is  either 
"black"  or  "white." 

The  lines  of  bus  180  are  also  coupled  through  resis- 
tors to  the  base  of  a  transistor  196.  Each  of  these  resis- 
tors have  a  different  value  to  provide  a  "weighting"  to 
the  binary  signal. 
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This  weighting  is  used  for  non-color  displays  to  pro- 
vide "gray"  shades  as  opposed  to  having  a  display  with 
only  black  and  white.  The  binary  signals  on  bus  180 
drive  the  transistor  196  to  provide  a  video  signal  on  line 
198.  RGB  is  generated  with  weighted  sums  of  these 
same  five  signals. 

Referring  now  to  FIG.  7,  data  from  memory  is  cou- 
pled from  the  A  bus  and  B  bus  to  registers  159  and  158, 
respectively.  These  registers  are  clocked  by  the  1  MHz 
clocking  signal  and  its  complement,  thus  permitting  the 
sequential  transfer  of  8-bit  words  every  0.5  msec.  As 
will  be  described,  in  some  display  modes  the  data  is 
transferred  at  the  2  MHz  rate,  and  in  other  display 
modes,  at  a  1  MHz  rate. 

The  registers  158  and  159  are  coupled  to  an  8  line 
display  bus  160.  This  display  bus  transfers  data  to  regis- 
ters 164  and  173,  and  also  addresses  to  a  memory  162. 
The  registers  164  and  173  and  memory  162  are  enabled 
during  specific  display  modes  as  will  be  apparent. 


mode,  multiplexer  166  selects  bus  181.  Thus,  typically, 
the  multiplexer  171  receives  the  signals  from  bus  174. 

For  purposes  of  description  above,  and  also  for  pur- 
poses of  explaining  for  some  of  the  display  modes  below 

5  a  simplifying  assumption  has  been  made.  The  signals 
coupled  to  the  bus  180  by  multiplexer  171,  for  most 
modes,  are  controlled  by  the  serialized  signal  on  tine 
190.  This  serialized  signal  is  in  sychronization  with  the 
C7M  or  C14M  clocking  signals.  The  multiplexer  205  of 

10  FIG.  8,  which  as  described  above,  does  the  "spinning" 
for  the  parallel  digital  signal  on  bus  180,  operates  in 
sychronization  with  the  multiplexer  171.  In  the  descrip- 
tion above,  and  except  when  otherwise  noted  below,  it 
is  assumed  that,  by  way  of  example,  if  the  multiplexer 

15  171  is  coupling  all  binary  ones  and  zeros  onto  bus  180. 
the  signal  on  line  191  will  be  either  ones  or  zeros.  Also 
for  this  condition  the  signal  on  line  192  will  be  all  binary 
zeros  or  ones,  and  thus,  no  AC  signal  is  generated  at  the 
base  of  transistor  195.   However,  as  actually  imple- 


The  character  memory  162,  in  the  presently  preferred  20  mented,   there  is  a   "phase"   difference  between   the 


embodiment,  is  a  random-access  memory  which  stores 
patterns  representative  of  alpha-numeric  characters. 
Each  time  the  computer  is  powered  up,  the  character 
information  is  transferred  from  the  ROM  50  into  the 
character  memory  162  during  an  initialization  period. 
During  character  display  modes,  the  signals  from  the 
display  bus  160  are  addresses,  identifying  particular 
alpha-numeric  characters  stored  within  the  character 
memory  160.  The  vertical  counter  signals  V4,  V5,  and 


clocking  of  the  multiplexer  171  when  compared  to  the 
sampling  of  the  signals  from  bus  180  by  the  multiplexer 
205.  This  results  in  a  first  constant  AC  signal  on  the  gate 
of  transistor  195  even  when  it  appears  that  all  binary 
25  ones  are  on  bus  180,  and  a  second  constant  AC  signal 
when  all  binary  zeros  are  on  the  bus  180.  Thus,  in  this 
specification,  when  it  states  that  "black"  or  "white" 
signals  are  being  generated,  instead,  as  currently  imple- 
mented, two  constant  colors  are  generated  on  a  color 


Vc{previously  discussed  in  conjunction  with  adder  121  30  display.  Where  a  true  black  and  white  is  desired,  color 


suppression  is  introduced  such  as  through  the  color 
burst  signal. 

The  circuit  of  FIG.  7,  along  with  the  circuit  of  FIG 
8,  provides  the  capability  for  several  distinct  display 
modes.  The  first  of  these  modes  provides  a  display  con- 
sisting of  40  characters  (or  spaces)  per  horizontal  line. 
This  requires  a  data  rate  of  8-bits/MHz  or  half  the  data 
rate  the  memory  is  capable  of  delivering.  In  this  mode, 
data  is  loaded  from  the  A  bus  during  every  other  0.5 


of  FIG.  4)  identify  the  particular  line  in  each  character 
which  is  to  be  displayed.  Thus,  the  generation  of  the 
digital  signals  representative  of  each  of  the  characters 
occurs  in  an  ordinary  manner.  The  7-bit  signal  represen- 
tative of  each  line  of  each  character  (memory  output)  is  35 
coupled  to  the  shift  register  167.  Through  timing  signals 
not  shown,  either  the  register  164  or  the  character  mem- 
ory 162  is  selected  to  allow  the  shift  register  167  to 
receive  either  data  directly  from  the  A  bus  or  B  bus,  or 
alpha-numeric  character  information  from  the  memory  40  /i.sec  period.  (B  bus  is  not  used  during  this  mode.)  This 
162.  data  addresses  the  character  memory  162,  and  along 

The  7-bits  of  information  from  either  memory  162  or  with  the  signals  \a,  V^  and  Vc,  provides  the  appropri- 
register  164  are  serialized  by  the  shift  register  167  either  ate  character  line  (7-bits)  to  the  shift  register  167.  Cur- 
at a  7  MHz  rate  or  14  MHz  rate,  depending  upon  the  ing  this  mode,  registers  164  and  173  are  disabled.  The 
display  mode.  The  serialized  data  is  coupled  by  line  185  45  shift  register  167  for  this  mode  shifts  the  data  at  a  data 
to  the  multiplexer  169,  pins  1  and  4.  The  inverse  of  this  rate  of  7  MHz  (note  CH80  is  high,  allowing  the  7  MHz 
data  is  also  coupled  to  multiplexer  169,  pin  3.  Line  185  signal  from  gate  175  to  control  the  shift  register  167). 
is  also  coupled  as  one  input  to  the  multiplexer  166  and  to  Each  7-bit  signal  is  shifted  serially  onto  line  185  and 
the  register  170  (input  1).  then  to  line  189  since  multiplexer  169  selects  pin  4.  The 

The  output  1  of  register  170  (line  186)  is  coupled  to  50  data  is  shifted  through  the  register  170  onto  line  190. 
the  multiplexer  169,  pin  1;  to  register  170  (input  2);  and  The  serial  binary  signal  on  line  190  causes  the  selection 
to  multiplexer  166.  Output  2  of  register  170  (Hne  187)  is        of  buses  183  or  184. 

coupled  to  input  3  of  register  170  and  also  to  multiplexer  The  four  lines  of  bus  183  during  this  mode  are  cou- 

166.  Output  3  of  register  170  (line  187)  provides  a  third        pled  to  +V  (register  173  is  disabled);  therefore  the 
input  to  the  multiplexer  166.  Input  4  of  the  register  170  55  selection  of  bus  184  provides  four  binary  ones.  The 


receives  the  output  of  the  multiplexer  169  (line  189) 
Output  4  of  register  120  (line  190)  provides  one  control 
signal  for  the  multiplexer  171. 

The  multiplexer  171  selects  either  the  four  lines  of  bus 
183  or  the  four  lines  of  bus  184.  The  output  of  multi-  60 
plexer  171,  bus  180,  provides  the  4-bit  signal  discussed 
in  conjunction  with  FIG.  8.  During  one  of  the  high 
resolution  display  modes  (AHIRES),  the  multiplexer 
171  is  controlled  by  a  timing  signal  from  the  output  of 
the  gate  178. 

The  multiplexer  166  selects  either  the  lines  of  bus  181 
or  bus  182.  The  output  of  this  multiplexer  provides  the 
signals  for  the  bus  184.  In  all  but  the  AHIRES  display 


selection  of  bus  184  provides  four  binary  zeros  through 
bus  181.  Thus,  the  serial  binary  signal  on  line  190  pro- 
vides either  all  binary  ones  or  all  binary  zeros  to  bus 
180.  As  discussed,  the  circuit  of  FIG.  8  will  provide  a 
black  and  white  display  with  40  characters  per  line. 

If  the  inverse  and  flashing  timing  means  172  is  se- 
lected, each  time  the  shift  register  167  is  loaded,  multi- 
plexer 169  shifts  between  pins  3  and  4.  This  causes  the 
characters  to  change  from  white  characters  on  a  black 
65  background  to  black  characters  on  a  white  background, 
and  so  on. 

During  the  80  character  per  line  display  mode,  the 
registers  158  and  159  are  each  loaded  during  sequential 
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O.S  ^Jisec  periods  (this  utilizes  the  2  MHz  cycle  rate 
previously  discussed).  The  shift  register  167  shifts  the 
character  data  from  memory  162  at  a  14  MHz  rate.  The 
serialized  data  at  the  14  MHz  rate  is  shifted  through  the 
register  170  and  again  controls  the  multiplexer  171  as  5 
previously  described.  (Note  that  register  170  is  always 
clocked  at  the  14  MHz  rate.)  Flashing  again  can  be 
obtained  as  previously  discussed. 

In  another  alpha-numeric  character  display  mode,  the 
background  of  each  character  may  be  in  one  color  and  10 
the  character  itself  (foreground)  in  another  color.  This 
mode  provides  40  characters  per  line.  The  character 
identification  (address  for  RAM  162),  is  furnished  on 
the  A  bus  to  register  159  at  a  frequency  of  1  MHz.  The 
color  information  (background  color  and  foreground  15 
color)  is  furnished  on  the  B  bus  as  two  4-bit  words  to 
register  158.  In  the  manner  previously  described,  the 
address  from  register  159  selects  the  appropriate  char- 
acter from  memory  162  and  provides  this  information  to 
shift  register  167.  The  color  information  from  the  B  bus  20 
is  transferred  to  register  173.  For  purposes  of  explana- 
tion, assume  that  the  4-bits  identifying  the  color  red  for 
the  background  are  on  bus  184  (from  register  173  and 
multiplexer  166)  and  that  4-bits  representing  the  color 
blue  for  the  foreground  are  on  bus  183.  (Note  that  when  25 
register  173  is  enabled,  the  signals  from  the  register 
override  the  binary  ones  and  zeros  which  otherwise 
appear  on  the  lines  of  bus  174.)  The  serial  binary  signal 
representative  of  the  character  itself  on  line  190,  selects 
either  the  color  blue  from  bus  183  for  the  character  30 
itself  or  the  color  red  from  bus  184  for  the  background. 
The  digital  signals  representative  of  these  colors  are 
transferred  to  bus  180  and  provide  the  color  data  to  the 
circuit  of  FIG.  8.  For  black  and  white  displays,  a 
'*gray"  scale  is  provided  through  the  weighting  circuit  35 
associated  with  transistor  196  of  FIG.  8.  Again,  the 
multiplexer  169  may,  through  the  timing  means  172, 
alternate  between  the  signal  of  line  185  and  its  inverse, 
which  will  have  the  effect  of  interchanging  the  fore- 
ground and  background  colors.  40 

During  the  high  resolution  graphics  modes,  the  char- 
acter memory  162  is  not  used,  but  rather,  data  from  the 
memory  directly  provides  pattern  information  for  dis- 
play. This  requires  more  mapping  of  data  from  within 
the  main  memory  since  new  data  is  required  for  each  45 
line  of  the  display.  (Note  that  when  characters  are  dis- 
played, the  character  memory  162  provides  the  differ- 
ent signals  required  for  the  8  lines  of  each  character 
row.)  During  these  high  resolution  modes,  the  register 
164  is  enabled  and  the  character  memory  162  is  dis-  50 
abled.  Thus,  the  data  from  the  A  bus  and  B  bus  is  shifted 
into  the  shift  register  167.  In  these  modes,  the  "HRES" 
signal  to  multiplexer  169  causes  this  multiplexer  to  se- 
lect between  pins  1  and  2.  Pin  2  provides  the  signal 
directly  from  the  shift  register  167  while  the  signal  on  55 
pin  1  is  effectively  the  signal  on  line  185  delayed  by  one 
period  of  the  C14M  signal.  This  delay  occurs  through 
the  register  170  from  input  2  to  output  2  since  register 
170  is  clocked  at  CUM. 

60 


During  a  first  graphics  mode,  data  from  the  display 
bus  160  is  loaded  into  shift  register  167  at  the  rate  of 
7-bits/MHz.  The  data  is  serialized  on  line  185  and  in  the 
manner  previously  described  for  displaying  characters, 
controls  the  selection  of  all  binary  ones  and  all  binary 
zeros  through  the  multiplexer  171.  Note,  as  mentioned 
before,  in  the  presently  preferred  embodiment,  unless 
color  suppression  is  used,  this  will  not  result  in  a  black 
and  white  display,  but  rather  a  two-color  display.  If  a 
high  bit  is  present  on  line  140  of  the  display  bus,  the 
inverse  and  flashing  timing  means  172  causes  the  multi- 
plexer 169  to  alternate  between  pins  1  and  2.  This 
switching  occurs  at  a  1  MHz  rate  and  provides  a  phase 
shift  for  every  other  7-bits  of  data  coupled  to  the  multi- 
plexer 171  on  Une  190.  This  results  in  an  additional  color 
being  generated  on  the  display  for  every  other  7-bits  of 
data. 

For  the  above-described  graphics  modes  when  shift 
register  161  is  shifting  at  a  7  MHz  rate,  8-bits  may  be 
coupled  to  the  bus  160  during  each  period.  Specifically, 
as  in  the  case  of  the  differing  background  and  fore- 
ground colors  for  the  40  character  per  line  display 
mode,  two  4-bit  color  words  are  shifted  into  register  173 
at  a  rate  of  1  MHz.  Then,  the  multiplexer  171  selects 
between  two  predetermined  colors  on  buses  183  and 
184.  Note  these  colors  can  be  changed  at  a  I  MHz  rate. 

In  an  additional  color  mode  identified  as  "AHIRES," 
multiplexer  171  operates  under  the  control  of  gates  176, 
177  and  178.  In  effect,  multiplexer  171  selects  bus  184 
and  latches  the  signals  on  this  bus  every  four  cycles  of 
the  C14M  clock.  Data  is  shifted  into  the  shift  register 
167  from  the  A  bus  and  B  bus  every  0.5  ^  sec  the  regis- 
ter 167  operates  under  the  control  of  the  C14M  signal. 
Each  data  bit  on  line  185  is  shifted  first  to  line  186,  then 
to  line  187  and  finally  to  line  188.  These  lines  are  cou- 
pled to  the  multiplexer  171  through  multiplexer  166 
which  selects  bus  182  since  AHIRES  is  high.  In  effect, 
what  occurs  is  that  4-bit  color  words  are  serialized  onto 
line  185  and  then  brought  back  into  parallel  on  bus  182. 
Since  multiplexer  171  latches  the  signals  on  bus  184 
every  four  cycles  of  the  C14M  signal,  a  new  color  word 
is  generated  at  a  3.5  MHz  rate  on  the  bus  180.  The 
resultant  display  is  140  by  192  colored  blocks  wherein 
each  block  can  be  any  one  of  16  colors. 

In  the  last  display  mode,  typically  used  with  color 
suppression,  data  is  shifted  into  the  shift  register  167 
from  the  display  bus  at  the  rate  of  14-bits/MHz.  The 
data  is  serialized  onto  line  185  and  controls  the  selection 
of  either  all  binary  ones  or  all  zeros  through  multiplexer 
171.  This  provides  the  highest  resolution  graphics  dis- 
play for  the  system. 

Thus,  a  microcomputer  with  video  display  capability 
has  been  described.  The  computer  is  fabricated  from 
commercially  available  parts  and  provides  high  utiliza- 
tion of  these  parts.  Numerous  existing  programs  includ- 
ing many  of  those  which  operate  on  the  Apple-II  com- 
puter, may  be  employed  in  the  above-described  com- 
puter. 
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TABLE  I 
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*  CONSIDERATIONS  FOR  » 

*  CODE  AND  DATA  * 
CODE » 
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EQU 
CHECKSUM. 


IBStOT+»l4    i  'MUST   FIND'    COUNT. 
IBSL0T+»14    i  'ODD   BIT'    NIBLS. 

IlSL0I±fl5_iCHECKSyMJBYTE, 

iBSL0T+»16    i FOUR    BYTES. 

SECTOR i     TRACKi     AND    VOLUME. 
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»  USES  ALL  NBUFS 
»_      AND  32-BYTE 

♦  DATA  TABLE  'NIBL 

♦ 


**♦♦♦♦**♦♦♦»♦♦**»***♦*♦♦ 


-READ- 


USES  ALL  NBUFS 
USES  LAST  54  BYTES 
OF  A  CODE  PAGE  FDR 
SIGNIFICANT  BYTES 
OF  DIMIBL  TABLE. 


»♦*»*»*«♦»♦»»»♦»»*♦«♦*♦* 

*  * 

*     SEEK » 

»  * 

*«*♦*««**»«*»***♦**•»«♦** 
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« 
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MONTIMEL  EQU  CSSTV+2    ; MOTOR -ON  TIME 
MONTIMEH  EQU  MONTIMEL+1  /COUNTERS. 
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#^ • 


DEVICE  ADDRESS 
ASSIGNMENTS 
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Q6L  l£QU  '♦C08C 
Q6H  EQU  «C08D 
QZi-_-  _^Qy  ♦COSE 
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INTERUPT  EQU  *FFEF 

ENVJ^RQN.  E^QU   »FFDF 

QNEMEG   EQU   «80 
TWOMEG   EQU   ♦7F 

*  *  *t**^*  ^JJJL*!-***********  *****  ^*^-*- 
# 

*  EQUATES  FOR  RWTS  AND  BLOCK 
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STEPPER  PHASE  OFF. 

STEPPER,  PHASE  ON.  _ 

Q7L, Q6L-READ 

Q7L. Q6H=SENSE  WPROT 

Q7H, Q6L=WRITE 

Q7H,  Q6H=WRITE  STORE 


1 37  »♦»*♦*■♦♦»»»♦*♦#♦*♦*»*****■**♦♦♦* 

138  MOTOROFF  FQU  «C088 
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TRYTRK2 

, LOOP    RACK,      TRY    AGAIN    ON    THIS    TRACK 

r  I"'' 
F0A7 
F0A7 
F0A7    A4    99 

2r,^     ■ 

-A(3    *    HAVE.    NOW    « 

£69    *    nA*^£-    SURE 

EAD    AN    ADDRESS   FIELD    CORRECTLY.                        

THIS    IS    THE    TRACK,     SECTOR,     AND   VClLUME    DESIRED. 

270    RDPIOH!     LUV 

TRACK 

;aN    THE    RIGHT    TRACK? 

F0A9  C4  ac 

FOAD    FO    OE 

2'\                        >-•  ^  ' 

-72                   [3t-.; 

■U'RTRk* 

,  IF     'ijO,     good 

FOAD 

FOAD; A3   8C 

2rS   *    ^vr.,;LU'K,. 
274                         LDA 

:Nv.    from    this    TRACK                                                                                                                            1 

CURTRK 

i PRESERVE    DESTINATION    TRACK 

FOAF    48 

275                         PHA 

FOBO; 98 

276                         TYA 

FOBl    20    2S    Fl 

277                         -JSR 

SETTRK 

F0B4. 66 

^78                         PL-A 

rM9:20  M 

ri  27^           jw 

MYMCK 

FM«:4C    M 

FO    280                JHP 

,    TRY^PW? 

jQO  AlfiAR..AND  RECALHRATt. 

F0» 

262   * 

FOIB      ^ 

283   *   DR 1 VE    1 5  _ 

ON  .RlWr    TRACK,     CHECK    VOLUME    MISMATCH                                                                    | 

FOBS 

2B4    * 

KOBB    A5    9A 

285    RTfPiA         I  DA 

VOLUME 

, GET    ACTUAL    VOLUME    HEHF 

FOBD: 85    89 

.7:06                         STA 

IB5M0D 

■   TELL    OPSYS    WHAT    VOLUME    U-S     THERE 
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27 

28 

FOBF 

A5 

9B 

287    CORRECTVOL    LDA    SECT 

CHECV*.    IF    THIS    IS    THE    RISHT    SECTOR 

FOCI 

C5 

84 

288                         CMP 

IBSECT 

F0C3. 

FO 

02 

289                         BEQ 

CORRECTSECT    i  IF    SO.     DO   WHATEVER    WANTED                                                                      | 

f-0C5 

DO 

BF 

;.'90                            BNE 

TRYADR2 

NO. TRY    ANOTHER    SECTOR 

F0C7 

A^ 

87 

?!91     COhRECTSECT 

LDA     IBCMD 

,READ    OF    WRITE'- 

r-ocs" 

4A 

292                           LSR 

A 

:  THE    CARRY    WILL     TELL 

FOCA 

90 

2D 

293                            see 

WRIT 

CARRY    WAS    SET    FOP    READ    OPERATION, 

F-OC  C 

20 

48 

Fl 

294                           JSR 

READ16 

CLEARED    FOR    WRITE 

rocF 

BO 

D5 

295                            DCS 

TRYADR2 

CARRY    SET    UPON    RETURN    IF    DAD    READ 

f-  .:.[•■  1 

AD 

DF 

Ff- 

r=#6                           LDA 

ENVIRON 

1-004 

■.!'^ 

^T 

?^7                           AND 

ttTWOMEG 

rOD6 

'JL 

DF' 

Ff 

■?^8                           ST  A 

tirJVIRON 

,  SET    TWO    MEQAHEPT?    MCDF. 

r  ODV 

20 

U 

F3 

299                            JSR 

PDSTNIB16 

DO    PARTIAL    POSTNIBBLE    CONVERSION 

FODC 

fiO 

AS 

;iOO                            BCB 

TRYADRZ 

CHEKSUli    ERROR 

FODE 

A  A 

81 

301                            LDX 

IB SLOT 

RESTORE    SLOTNUri    INTO    X 

roKo 

1^ 

>".'2    AiJ.  DONE    CLC 

rOKl 

AS" 

00 

J03                              LDA 

»*0 

. NO    ERROR 

roty 

9C' 

04 

-?4                              BCC 

ALDONEl 

SKIP    OVER    NEXT    Bvie,    i^JTH    F 1  ^     OPCODE 

Koe^j 

6a 

305    DRVERR       PLA 

REMOVE    CURTRK 

F0E6 

A9 

82 

306                           LDA 

I^IBDERR 

i  BAD    DRIVE 

FOES 

'JQ 

307    HNDLERR    SEC 

INDICATE    AN    ERROR 

f-rf.--; 

y? 

BG 

■,^.-)R    ALIC'NEl     ^STA 

IBSTAT 

GIVE    HIM    ERROR* 

"■-OFB 

Eb 

S3 

C  ' 

JC^V                              LDA 

MGTOROFF,  X 

;  TUPrJ    IT    OFF 

r  o'-::-; 

?4 

3b 

r,o                         U  I  T 

3  riASK 

J  3M.-|'JLD    INTERUPTS    BE    ENABLE::i)" 

fV'F'L, 

30 

01 

311                            BMl 

NOINTR2 

.  BRANCH     IF    NOT 

roF2. 

;:'a 

312                            CLl 

F0F3 

A5 

cjp 

313    N0INTR2    LDA 

ENVTEMP 

-RESTORE    ORIGINAL    ENVIRONflFNT 

rr-r'^ 

Bl' 

DF 

rr 

■?  1  4                              S  T  A 

ENVIRON 

F-.,  Kt^ 

.-,-, 

M''                            PT<--: 

u    j,-'  ■' 

S-.  ■-' 

K-? 

r- 

■  .  c    ^f< :  '            J^F^ 

UH  ITE16 

write:  nvbbles  nou 

hOFC 

90 

E2 

31  '                            BCC 

ALLDONE 

IF    NO   ERRORS 

rore: 

A9 

81 

3  1  HJ                            LDA 

♦HBWPER 

DISK     IS    WRITE    PROTECTED' ' 

t   100 

SO 

t6 

J  IP                            DVC 

HNDLERR 

TAKEN    IF    TRULY    WRITE    PROTECT    ERROR 

F'l  ■"■'■ 

a'. 

8  A 

F'- 

■ir   '                            JMH 

rpvADR2 

i OTHERWISE    ASSUME    AN     [NTERUPT    MESSED 

■f'  l,."l'i. 

"'  :■  \     K 

THINGS    UP 

f-- 1  0-!. 

_v,,-    »     ii.rr-     j^    y^E       SFEt^'    ROUTINe': 

FIO-S 

j.:.s    *       SEEKS    TRACK       N'     IN    SLOT    #X/»10 

(-  103 

■n^    *     IF    DRIVNO 

IS    NEGATIVE 

,     ON    DRIVE    0 

ri05 

3-:'5    ♦    IF    DRIVNO 

IS    POSITIVE 

,     ON    DRIVE    1 

K  1  0  •': 

PA 

?-?6     "■ 

.-::7  MY  :Ei:^     a-^jL 

A 

.  ASsu^iE  TWO  pha^:e  stepper 

(-  1  C■^ 

^*i 

-""»■ 

:,jt:   :.Ef"  :        'sta 

Thl^Nl 

, SAVu    DESTINATION    TRACK i #2) 

F108 

20 

l'? 

F  t 

i::9                    JSR 

ALLOFF 

; TURN    ALL    PHASES    OFF     TO    BE    SURE, 

r  I  OB 

r;0 

3E 

Fl 

V30                         JSR 

DRVINDX 

; GET    INDEX    TO    PREVIOUS    TRACK    FOR    CURRENT 

F I  or. 

Q5 

85 

J31                            LDA 

DRVOTRM-.  K 

DRIVE 

rt  LO 

H;-: 

tiC 

:■_                            S"(A 

CURTRh 

.  7Hn:     [S    WHERE     T     AM 

i:  I ; :-: 

A-: 

-y'* 

•13                            LDA 

rRtu.il 

■  AND    WHERE     I     M    GOINt?    TQ 

f^  14 

'^'7 

8!j 

y-iA                            nlA 

DRVOTRt'  .   *' 

ri  16 

20 

00 

F4 

2}t    GOSEIrr-^       JSR 

SEFi^ 

, GO    THERE ' 

Fn=? 

Av'.> 

C'3 

336    ALLOFF       LDY 

#3 

i  TURN    OFF    ALL    PHASES    BEFORE    RETURNING 

KUB 

'^e 

337    NXOFF           TYA 

;  (SEND    PHASE    IN    ACC,  ) 

Fl  K 

.-ic 

4A 

F4 

338                            JSR 

CLRPHASF 

i CARRY    IS    CLEAR,     PHASES    SHOLD    BE    TURNED 

ruF 

^8 

339                            DEV 

F120 

10    F9 

340                   ITL 

NXOTF 

F122 

46   BC 

341                   LOT 

CUKTRK 

iDlVlWE  BACK   OOMN 

F124 

AO 

342                   RT5 

i ALL    OFF.  .  .     NOW    IT'S    DARK 

F125 

: 

344   ♦ 

F125: 

349   *    THIS   SUBROUTINE 

SETS    THE   SLOT   DEPENDENT   TRACK 

346    *    LOCATION 

Fl^.^ 

347    «- 

K12^    2 

0    3E 

PI    348    SETTF^K 

JSH       DRV I 

NOX         i GET    INDEX    TO   DRIVE    NUMBER, 

F128: 95    85 

349 

STA      DRVO 

TRKrx 

F12A: 60 

350 

RTB 

Fi2B: 

351    «•**♦**♦♦»»*«»♦♦*♦ 

41- »«■«-»■■«•*«»»«  »* 

F12D 

352    * 

ri2B: 

353    *    BUL-tR    TO    TELL    IF 

MOTOR    IS    STOPPED 

F12D 

354    fr 

K13B 

355   »    IF   MOTOR    IS   STOPPED.     CONTROLLER'S                                                                      | 

F12B: 

356    *    SHIFT 

REG    WILL 

NOT    BE    CHANGING. 

F12B 

357   * 

F12H 

358    »    RETURN    Y==0    AND 

'ZER"G~fTaG    SET    if"  IT "  IS    STOPPED      '^ 
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30 

F12B 

359 

■» 

F12I^ 

360 

**>*♦■»»♦**♦»*****•♦**»♦***♦♦*«*                     1 

F12B: AO 

GO 

361 

CHKDRV   LDY   #0 

TNIT  LOOP  COUNTER 

F12D  BD 

8C 

CO   362 

CHKDRVl  LDA   Q6L,  X 

READ  THE  SHIFT  REG 

F 1 30 : 20 

3D 

Fl   363 

JSP   CKDRTS 

DELAY           ._ :.  . 

fl3'^  AS- 

364 

PHA 

F-13-'  .^S 

365 

PLA 

MORE  DELAY 

n.r^   Oil 

;--•■: 

366 

Cnr   G6L. X 

HAS  SHIFT  REG  CHANGED" 

F13K.  DO 

03 

367 

BNE   C^<^DRTS 

YES,  MOTOR  IS  MOVING 

F13A  SB 

368 

DEY 

NO, DEC  RETRY  COUNTER 

F13U  DO 

ro 

369 

DNE   CHKDRVl 

r AND  TRY  256  TIMES 

ri3i:  >0 

370 

CKDRrS   RTS 

, THEN  RETURN 

fi3f: 

371 

■fr 

F  17t   -IK-' 

372 

DR 

VINDX  PHA 

. PRESERVE  ACC 

F13r  3A 

373 

TXA 

; GET  SL0T<*»i0>/8 

F140  4 A 

374 

LSR   A 

F141  4A 

375 

LSR   A 

FJ4:.  4A 

376 

LSR   A 

F-14.-;  0^ 

8:"- 

377 

OR  A   Ii3DRVN 

;FaR  DRIVE  0  OR  I 

F14',.  A;, 

378 

TAX 

i INTO  X  FOR  INDEX  TO  TABLE 

F146  68 

379 

PLA 

; RESTORE  ACC 

F147  e-0 

380 

RTS 

F14a 

381 

»♦»♦♦**♦**♦*#*»*♦***»»**#*»*#♦                                 1 

F]  4h; 

382 

-H 

F14L. 

383 

* 

NOTE:  FORMATTING  ROUTINES 

^T4t- 

384 

* 

NOT  INCLUDED  FOR  SOS 

f:4g 

385 

* 

F14S 

386 

****♦*******♦****♦*■*«***»»«♦»■*                                                         1 

F14« 

* 

1 

Fi4a 

390 

# 

READ  SUBROUTINE 

» 

Fi4a 

391 

« 

(16-SECTOR  FORMAT) 

* 

Fi4a 
Fi4a 

— 

392 

4 

* 

393 

*«««*««-««*«««**«#*««•«••                                    1 

Fi4a 

394 

» 

• 

F148 

Fi4a 

395 

» 

READS  ENCODED  BYTES 

« 

396 

♦ 

INTO  NBUFl  AND  NBUF2 

* 

F148 

397 

* 

« 

F14a 
Fi48 

398 

* 

FIRST  READS  NBUF2 

« 

399 

• 

HIGH  TO  LOW> 

* 

Fi4a 

400 

» 

THEN  READS  NBUFX 

» 

Fi4a 

401 

♦ 

LOW  TO  HIGH. 

« 

Fi4a 

402 

« 

« 

Fi4a 

403 

* 

ON  ENTRY  

♦ 

F148 

404 

# 

* 

F148 

405 

* 

X-REO:  SLOTNUM 

» 

F148 

406 

« 

TIMES  •10. 

* 

F148 

407 

» 

* 

F148 

408 

« 

READ  MODE  <Q6L;  Q7L> 

* 

F148 

409 

« 

* 

F148 

410 

« 

ON  EXIT  

* 

F148 

411 

» 

« 

F148 

412 

« 

CARRY  SET  IF  ERROR. 

* 

F14B 

413 

« 

IF  NO  ERROR: 

* 

F148 

414 

« 

F14B 

415 

« 

A-REG  HOLDS  «AA. 

*                                 -.-^  -r 

F148 
F14B 

-- 

416 

» 

X-REG  UNCHANGED. 

# 

417 

* 

Y-REG  HOLDS  «00. 

•» 

F14B 

418 

« 

CARRY  CLEAR. 

» 

F14e 
F148" 

— 

419 

« 

CAUTION  

« 

420 
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31 

32 

F148 

421    ♦ 

OBSERVE                        • 

F148 
F148 

- 

422  « 

423  ♦ 

'NO   PAGE   CROSS' 
WARNINGS   ON 

* 

# 

F14B 

424    ♦ 

SOME   BRANCHES! !              •                                                                                             | 

F148 

425    » 

* 

F148 

426    * 

" 

-    ASSUMES^-—         "'♦ 

F148 

427    » 

«■ 

F!48 

428    « 

1    USEC    CYCLE    TIME            *                                                                                                   | 

F143 

429  '» 

♦ 

F148 

430    #♦»*♦*«♦♦#♦»»*♦»*»**♦»»***                                                                                                   1 

F148 

AO    20 

431    READ16 

LDY      #*20                 i   'MUST    FIND'    COUNT. 

f-'  1  4A 

88 

■"     432    RSVnC 

DEY      -■                           ; IP    CAN'T    FIND    MARKS 

r- 143 

FO    6B 

433 

BEQ      RDERR                  , THEN    EXIT    WITH    CARRY    SET 

h- 140 

BD    8C 

CO       434    RDl 

LDA       Q6L. X 

READ    NIBL. 

F150 

10    FD 

435 

BPL      RDl 

■•♦♦"no   pace    CROSS!    *♦« 

F15.^ 

49    D9 

436   RSYNCl 

EQR      #«D5 

DATA   MARK    1? 

Fl'54 

DO    F4 

437 

BNE      RSYNC 

LOOP    IF    NOT. 

ri56 

EA 

"  438 

"nop 

DELAY    BETWEEN    NIBLS. 

Fl^-? 

ED    8C 

CO      439    RD2 

LDA       Q6L.  X                                                                                                                                 1 

F-  15A 

10    FB 

440 

BPL      RD2 

»♦#    NO   PAGE    CROSS!     **♦ 

F15C 

C9    AA 

441 

CMP       #«AA 

DATA   MARK    2? 

F15E 

DO    FZ 

442 

BNE      RSYNCl 

(IF    NOT.     IS    IT    DM1?) 

F160 

AO    5S 

443 

LDY      MSS 

INIT   NBUF2    INDEX. 

F162 

444    * 

(ADDED   NIBL"  DELAY) 

y\6?. 

BD    8C 

CO      445    RD3 

LDA      Q6L>  X 

F165 

10 

FB 

446 

BPL 

R03                   i *♦•   NO   PACE    CROSS'     *♦* 

F167 

C9 

AD 

447 

CMP 

•>AD                 -DATA   MARK    3- 

f-169 

DO 

E7 

448 

19  NE 

RSYNCl              >(IF    NOT,      IS     IT    Dr^  1 '' ) 

f "  1  613  , 

449    # 

;CAPRY    SET    IF    Dn3 ' )                                                                                                                                             | 

ri6B. 

L^D 

8C    CO 

■-.■pO    RD4 

LDA 

G6L.  X 

FIAE 

10 

FD 

451 

QPL 

RD4                     , «♦♦    NO    PACE    CROSS!     »*♦ 

r!70 

99 

02    03 

4  5<^ 

5TA 

NBUF2,  V               STORE    BYTES    DIRtTCTLV 

Fl  .'3 

AD 

EF    KF 

45-3 

LDA 

INTERUPT          :PDLL    INTERUPT    LINE 

n  ^'c 

J'j 

8D 

4-34 

ORA 

IHAStv                    .    iTHIS    MAY    BE    -''S-f.V'     i"  :■     : "  JAi    !  DA  ( L    POi.l 

[    -,■■£- 

] : 

40 

4'jb 

BPL 

G08EPV 

f- '.  :^■^ 

i-'d 

A^'t 

DFY 

. INDEX    TO    NEXT 

K1713 

10 

EE 

4^.-7 

DPl- 

RD4 

r   17D 

eg 

458    RD5 

INv 

. (FIRST    TIME    V-0' 

f^  ]7F, 

u[) 

8C    Cu 

459    RD5A 

LDA 

06L,  X                     GET    ENCODED    BYTE?,    OF    NBLFl 

■  \-:i 

10 

FB 

HtO 

BF'L 

RO!}A 

(-  ]r!3 

>^9 

00    0. 

4c-.  1 

:-;i  A 

Nr-iiJ"^"!,  Y 

1     l^G 

AD 

EF    Ft 

4^^;: 

L.DA 

INTEROPT          .POLL    INTERUPT    LINt" 

F18«9 

05 

SB 

463 

ORA 

IMASK                  . (THIS    MAY    BE    USED    TO    INVALIDATE    POLL 

KISB 

10 

2D 

464 

DPL 

GOSERV 

F18D 

CO 

E4 

465 

CPY 

#»E4                     WITHIN    1    MS    OF    COMPLETION- 

f"  I  e\-' 

DO 

EC 

4fc6 

BNE 

RD^ 

f-  1  9 1 

CR 

CAT" 

tNV 

K  I've: 

QD 

ec  c. 

468    RD6 

LDA 

a6L- X                     NO    POLL    FROM    NOW    ON 

F195 

10 

FD 

469 

BPL 

RD6 

F197 

99 

00    0" 

470 

STA 

NBUFl. Y 

F19A 

C8 

471 

I  NY 

.FINISH    OUT    NBUFl    PAGE 

f-  IVLi 

DO 

F5 

4'V 

BNE 

PD6                                                                                                                    y-V 
(jiL.   X                    .GET    CHECKSUM    BYTE                                               ^\ 
RDCKSUM                                                                                                         N. 
CKSUM                                                                                                              ,nS 
, EXTRA    DELAY    BETWEEN    BYTES                      \j 
Q6L.  X                                                                                                              »          ^"Ri 
H'07                     ,  **»    NO    PAGE    CROSS'     *♦♦                              ^         v  O  S= 
ttSDE                     FIRST    BIT    SLIP    MARK"                                    ^^           X>*  ^ 

<-  190 

BD 

QC    C' 

47  :i    RDCK^iUM 

LDA 

r  1^0 

10 

FD 

■t  M 

BPL 

FIA2 

95 

96 

475 

STA 

F  JA4 

EA 

476 

NOP 

h  IA5 

BD 

8C    CO 

477    RD'-' 

LDA 

r  1 M} 

10 

FB 

A  78 

BPl. 

f-  I  A  A 

:9 

DE 

4-'^ 

CtIP 

\-  lAC 

DO 

OA 

4H0 

BNE 

RDERR                .   'ERR     IF    NOT)                                                          tv^ 

, DELAY    BETWEEN    NIBLS                                      i*^                     1 

Q6L.  X                                                                                                             ^    ^              1 

RD8                   .***    NO   PACE    CROSS'    ♦**                           !>    *< 

*»*AA                  ,  SECOND    BIT    SLIP    NARK"                                ^   ^^y^ 

FIAE 

FIAF 

e:a 

BD 

BC    CO 

481 

402    RD8 

NOP 
LDA 

F1Q2 

10 

FD 

483 

BPL 

r   ID4 

c 

AA 

■3  84 

rrip 

FID'3 

33 

^F 

-irt5 

4r:*0     HDfPR 

DFO 

*5E>: 

PDEXIT             .(DONE    IF    IT     IS^                                                  V^    ^^  S. 

.   INDICATE     'ERROR    e^clT'                                 ^  f^C    ^ 
.RETURN   FROM   READ16   OR    RDADR16.        Uj  ^^^ 

SERVICE             , GO    SERVICE    INTERUPT                                   XT 

— ^   F1B9 
FJ3A 

60 

487 
488    * 

RTS 

F-IBA 

4C 

B3  f; 

489    GOSERV 

JMP 

^^ 
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34 

FIBD 

491    «•*«»««»«««-««•»#*»***«**»«*««                                                              1 

FIDD 

492   ♦ 

*   . 

KIBD 

493    * 

READ    ADDRESS    FIELD 

♦ 

KIDD- 

494    * 

SUDROUTINE 

♦ 

Flt?D 

49^    * 

\  i6-SKC  rC-lr?    FORMAT  ) 

■fr 

FIDD 

496    * 

« 

FIQD 

497    *>**«■*■*(■*•**«•*****■*»**■**■»*-*«■  *^*♦                                                                          1 

KISD 

498    * 

* 

FIQD 

,;c7c,     ^^. 

READS    VGLUMF..      TRA':!--. 

fr 

PIBD 

'JOO    tt 

AND    ShCTQR 

* 

FIDO 

':01,    ■** 

« 

riDD 

502    « 

ON    ENTRY    

« 

FIDD. 

503    * 

■fr 

FIBD; 

504    « 

XREG;     Sl-OTNUM    TIMES    *10 

* 

rioD 

'J'jZ'      * 

'rr 

riBO 

30^..    ■**■ 

fUiAD    MOPE^     CQ^iit   .      Q7L 

fr 

KlDD, 

'V.)7     * 

* 

FIDD 

508    * 

ON    EXIT    ----- 

« 

FIDD. 

50*?    ■*»• 

» 

FIDD; 

^510    * 

CARRY    SET     IF    ERROR 

♦ 

i   IDO 

'oil     ^' 

V- 

(^'  1 1^  rj 

51k'     *> 

IF    NO    ERROR 

■: 

r-    '   '■  T_' 

'jI?.    ^ 

A-RLG    HOLDS    1'AA 

« 

FIDD. 

514    * 

Y-REG    HOLDS    *00. 

« 

FIDO 

515    ^ 

X-REG    UNCHANGED. 

# 

y'lnn 

516    * 

CARRY    CLEAR 

* 

r     1  JT' 

=>r.-   *^ 

«• 

r"  [  3  r 

^3J.&    > 

CSSTV    HOi-DS    CHt<,SUM. 

* 

F  I  3  ).■ 

51^     «■ 

SECTOR.      TRACK-     AND 

■tl- 

FIDO. 

520    * 

VOLUME    READ. 

«• 

f-'lDD- 

521    ii- 

» 

KIBD. 

52r:    » 

USES    TEMPS    COUNT, 

♦ 

-  ir^D 

^>2'J    * 

LAST.      C5UM.     AND 

« 

1 '' '  \ 

5r':^i   «■ 

4    DYTES    AT    CS^av 

^  1 1,^  ij 
n.DD 

J  I.'.    -        f* 

526    * 

EXPECTS    - - 

«• 

^   IDD 

5.2"^    * 

•fr 

^■IDD 

523    i^ 

ORIGINAL    10-?3ECT0R 

«• 

■-  nsD 

5;^'*-^  <• 

NORMAL    DEN^SITV    NIBLS 

* 

-   IJjD 

53C     «;^ 

^4-D  IT).     ODD    BITS. 

* 

f   ItD 

':3i     s 

THEN    L'VEN 

* 

FIDD 

53^    * 

4t- 

FIDD- 

533    * 

CAUTION    

* 

FIBD: 

534    * 

♦ 

f-'llU) 

53':^    -> 

OBsrr^'T:: 

♦ 

f-  1  K  u 

53c/    -» 

^NO    PAGE    CNChl-S' 

-a 

ruin 

•,>3:-    * 

WARNING'::.    ON 

* 

FIDD 

538    » 

SOME    BRANCHES' ! 

* 

FIDD 

539    * 

-#■ 

KIBD 

540    * 

ASSUMES    

♦ 

1-1  GL) 

t'41     *■ 

-a 

Fi:~:f: 

5  42    * 

1    USEC    CVCLF    Tiru 

« 

^iruv 

543    * 

4 

FIBD 

544    *#-»«**»»*♦»«*****•»*♦*•**♦♦*«♦                                                                     1 

FISD 

AO 

FC 

545    RDADR16    UDY       #*FC 

FIBF 

84 

95 

546 

STY      COUNT              ;  'MUST   FIND'    COUNT 

"APPLE  PAT  4  383  296  26"  119  KB  2000-02-27 dpi:  300hx300vpix:  1805hx2779v 

David  T  Craig    •    21 

February  2004 

1  Page  0063  of  0515  J 

Apple 

Computer  Selected  Patents                                                   ] 

35 

4,383.296 

36 

r--]C 

1 ,  ca 

547    RDA 

SYN 

[NY 

r-'ic; 

''I    DO    04 

548 

BNfc       rvOAl 

. LOW    ORDER    OF    COUNT 

F1C4 

t6 

95 

549 

INC 

COUNT 

; (2K   NISLS   TO   FIND 

FlCft 

KC 

FO 

550 

BEQ 

RPERR 

,     APR    MARK.     ELSE   ERR) 

'-'  1  ■:  [-'■ 

RD 

SC    CO 

551     RDAl 

LDA 

QfeL.  X 

. READ    NIBL. 

-  UK 

I'j 

r"0 

■-)!■? 

!-;pt. 

RDAl 

.  +**  NO  paoe  crosc-;'    *»^ 

iCI' 

>:  -V 

f". 

'  ^.^    RDASN 

1        C  ftp 

#»r,-5 

.  AI/R    MARK    l'' 

F-  ]CF- 

f>0 

FO 

li54 

DNf-; 

RDAPVN 

- (LOOP    IF    NOT) 

f^lDl 

EA 

^55 

NOP 

i  ADDED    NIBL    DELAY 

!  O'^L 

BD 

ec  CO 

55o    RDAr'. 

LDA 

Q6L-  X 

f    !  ■.''-) 

I'.l 

L*l'i 

'■.  ''i 

DPl. 

r?DA<? 

,  trc-s-    nU    PAGE    CRQS'-:  ■      1-'.^ 

'    i  ,■■ 

v'^    V 

A  A 

'>  ?■  V' 

■;  r-tp 

tt«AA 

.  ADR    MARK    ?'■ 

-■  ;  •J'"' 

",  .■■\ 

r  j-' 

^  -',c,. 

Bf\y 

rda^n; 

(  IF     NOT,      IS     IT    ATI ; 

1  iDi? 

AO 

03 

t-f-yj 

LDY 

#$3 

..  INDEX    FOR    4-BYTE    PEAf. 

r  :  DP 

^-6  1     * 

(ADDED    NIBL    DELAYl                                                                                                                  | 

r  iI'D 

r?D 

8C    CO 

^fc2    RDA 

I.  PA 

06L.  X 

1  !':■.■ 

]  0 

f:-; 

''6:^ 

lirl 

F^DAj 

,  -^^    NO    PA.iC.    CROS'--;'     ■^-■» 

.  iF.-: 

c^ 

9£ 

«v  ; 

CI'^P 

1**'^':- 

.  ADR    riARK    3* 

r--  ]  [^  -1 

D'.' 

E-  / 

'■''■.  'i' 

I^Nf-. 

RDASNl 

i  IF    NOT.      IS     n     AKi 

F1E6 

^'66    * 

(LEAVE£S    CARF. 

V 

SET  '  ) 

f-lE6 

A9 

00 

567 

L  DA 

tt»0 

i  INIT    CHECKSUM 

flE£« 

8-5 

B9 

568    RDAf  LD       STA 

csun 

^■■ '  t;A 

r?o 

f5t:   '.■ 

'■■■.> 9    RDA  . 

:..UA 

Q>?i  . .   X 

Hf-AD       ODD    DI  T       rULJ! 

K  1  r:  i.' 

10 

f^  p- 

!;:  !■"  i . 

R ;.;  -■-  4 

-'-    NO    PAGE    CRn-:3:V     *.- =■ 

f-  1  Er.f- 

::a 

•    '  1 

f-"Ji. 

A 

.  AL  K--f4    ODD    SITS.         ]        Ivr.U    LO.u 

F-  ]  FO 

8b 

9^ 

':-  '^Z-\ 

5TA 

LA^T 

,      (SAVE    THEM) 

r- 1  k;? 

BD 

ac  c  ■  ■ 

^/J    RDA'. 

LDA 

a6L.  X 

, READ     'EVEN    SIT       NIEL 

nr:- 

10 

y\i 

=  74 

RPL 

RDA  5 

, »*♦    NO    PAGE    CROSS'     *^* 

f-  IP- 

t: 

'■-"S 

■  t, 

Ar.'I': 

L  A-T 

NFROE    ODD    AND    EvE-N    I-)!  !•■ 

1  f    ■ 

■•y9 

!_'           ' 

t-  '-^R 

C  ''.J  ■:'.  J  -.' .    Y 

. 5Turtf     DATA    UYTF 

r'lt  l: 

■r*3 

\^  >■) 

de:/ 

f  1  yy- 

1'? 

h           ' 

^w  ■? 

OPl. 

RPAFLD 

LOGP    ON   4    6ATA    DYTES 

r;.-j\ 

-*' 'S 

|.v, 

'  '■  ^ ,  ■  t 

TAV 

ROf-HP 

. IF    FINAL    CHECKSUM 
[iiJN/i.HO.      THEN    FRPO: 

f '      1  ;    ' 

!    - 

;.  ■' 

KP.-..- 

'  rv. 

■■i.--.i      X 

y  ifiST  niT--sLiP  niBl. 

.  f-r^    NO    PAGr:    CH'JF-S'     ^^< 

f-":x-v 

C  V 

l:" 

t^-'4 

LIIP 

i*»Dt: 

F;?Oh 

D'. 

AD 

'   .>'.' 

lU.'ff. 

RDt:FR 

-ERROR     IF    NONMATCH 

f  JOD 

■'■-3 

';  'c.\  t> 

SFT 

■  DELAY     (NO    INTERUPTS    FROM    NOt/    OH) 

^  ,   1  -. 

f  r 

■■■]  ■"  wr.'. ■■ 

RDA  ■ 

'-LCCND    DIT-SLIP    NIOl. 
vv^    NO    PAQE    CRiJ'i':*=     ■*-»>- 

■ ',  .-. 

i_    V 

-■.« 

'r"''V 

r  fif 

tfc*AA 

--M'' 

ro 

Al 

'■^'VO 

l^Nf 

Rr;'t:Pk 

, ERROR     IF    NONMATCH 

c    •  1  ',• 

i« 

l.V]     RDfA, 

r     ci.c 

. CLEAR    CARRY    ON 

r  -Lib 

hO 

:'V;_'    WEX  I 

p  i:-; 

NORMAL    READ    EXITS 

F219: 
F219 

■.;:irj 

hwt:-:2 

3   • 

* 

v:.>i9 

4    * 

UIR  r  TE~ 

SUBR 

* 

r  c:i9 

5    *        (16 

-SECTOR 

FORMAT! 

» 

6  * 

7  iHHk-HH 

* 

9    * 

«■ 

rrJl9 

9    *          WRITtS    DATA    FROM 

* 

:  :^    •             NCUFl    AND    NDUF2 

«■ 

•    .'1=? 

i  1      * 

K-?    «       FIRST    NBi.iF 

2. 

* 
+ 

k;^i9 

13    * 

HIGH    TO    LOW. 

« 

F-219 

14    ♦      THEN   NDUFl 

, 

* 

►  iai? 

15    « 

LOW    TO 

HIGH 

* 

^  .-:i^' 

J  '■.'    * 

* 

F-V-IP 

1  -,'    ^j      -__  .. 

-  OM  f:n 

TRY 

* 

^■7.r' 

10    i» 

* 

F-.>1<7 

19    *          X- 

REG       SLDTNUM 

» 

y2\'=t 

20    * 

TIMES    *10. 

«■ 

F-219 

21    * 

* 

■ .-?  I  ^ 

^2    » 

* 

■    cM'^ 

■■^-^     ^         

-     ON    E^ 

IT     

» 

'■■•:i'-' 

7  4     -^ 

* 

F%71^ 

25    «       CARRY    SET 

IF    ERROR 

» 
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38 

F219 

26    ♦ 

(W    PROT    VIOLATION) 

* 

F219 

27    * 

* 

r^.  1 9 

2a  ♦ 

IF    NO    LflROW, 

* 

K219 

liv  * 

■a' 

f-'^19 

3' J    * 

A-Rt'.    UNCERTAIN 

* 

F219 

31    * 

X-REG    UNCHANGED 

* 

F219 

32    * 

Y-REG    HOLDS    ♦00. 

* 

F219 

33    < 

CARRY    CLEAR 

* 

F-'2l9 

"i4     ■» 

* 

F219 

35    * 

Ar^BUMES 

4 

h?W 

3-D        B- 

* 

F2t9 

17     » 

I    USEC    CYCLE     TIME 

» 

F219 

39    ♦ 

# 

r2i9. 

39    •****•**♦..**»**********•                                                                                                                                                          1 

fctX^-^    3B 

■^I'j    WR  [  T^;i6    SKC 

, ANTICIPATE    WPROT    ERR 

F;nA  lirf 

4] 

C;  V 

■  TO     indicate:    write    PROTECT    FRRtJR     INSTEAD    OF 

f'uMB  or.'  eo  cc 

42 

L.:^A        Q6H.  X 

INTERUPT 

F21E    BD    8E    CO 

43 

Lf/A       Q7L,  X' 

; SENSE    WPROT    FLAG 

F221     30    F5 

44 

Bill       WEXIT 

.BRANCH    IF    NOT    WRITE    PROTECTED 

F223    A9    FF 

45    WRTl              LHA       #»FF 

.  SYNC    DATA. 

1^225    91.    8F    CO 

4t 

Si A       Q7H    X 

,    (5>     GOTO    WRITr-     r'tODE 

F;:2t!     ID    8C     CO 

47 

GRA       QfcL , X 

,   (4) 

p:-?2D     AO    04 

40 

Ll'Y        #»4 

, (2>     FOR    FIVE    NIBLS 

F22D    EA 

49 

NOP 

i  (2) 

F22E    43 

50 

PHA 

i   (4) 

F22F    68 

51 

PLA 

.  <3) 

F-230    4S 

'rS    WSVNC           pi>A 

,   ,4)     EXACT    TIMIN'i 

f;:3I    6": 

=\j 

Pt    A 

. {3)     EXACT    TIMING 

r--;.:j..  c:C'  bd  h; 

'/'T 

J-h>       WNIIiL7 

,   (  13,  ^f.  6>       WRITE    ^VNC 

F235    88 

55 

DU  V 

:   (2) 

Fi:36    DO    FS 

56 

BNE       WSYNC 

,  <2*)       MUST    NOT    CROSS    PAGE' 

F23Q    A*5    D^ 

57 

LDA       #«D5 

,  (2)       1ST    DATA    MARK 

F23A    rMj    DC    F2 

5B 

-JBR       WN1DL9 

.  ( 15.  9. 6) 

F23D    A'-?    '\A 

59 

LDA       #»AA 

,   (2)        2ND    DATA    MARK 

F23F:20   DC    FZ 

60 

^J8R      WNIBL9 

;  <15,  9,  6) 

FS42: A9   AO 

61       .. 

,     .        LM      #fAP 

i  <i|)       3M  DATA   MARK, 

F244; 20    BC    F2 

62 

JSR       WNISL9 

;  (15.9,6) 

F247    AO    53 

63 

LDY       »S55 

i  (2)    NDUF2    INDEX 

F349;EA 

64 

NOP 

;  <2)    FOR    TIMING 

F24A: EA 

65 

NOP 

i  (2) 

F24B: EA 

66 

NOP 

;  <2) 

F24C    DO   OS 

67 

BNE      VRYFRST 

; (3)    BRANCH   ALWAYS 

F24E. AD    EF    FF 

68    WINTRPT    LDA       INTERUPT 

; (4)    POLL     INTERUPT    LINE 

F251    05    80 

69 

ORA       I MASK 

,  (3) 

F253    EA 

70 

NOP 

,  (2) 

F254: 10    5D 

71 

QPL      SERVICE 

;  (2)    BRANCH    IF    INTERUPT    HAS    OCCURF,D 

F236: 30   00 

72    VRYFRST    BMI       WRTFRST 

i  (3)    FOR    TIMING. 

F25B:  B9  P2.03_ 

73   WRTFRST    LDA^.    NByF2;_Y 

;  (4) 

F25B    9D    8D    CO" 

74 

STA       Q6H,  X 

i  (5)    store:   ENCODED    BVTf-. 

F25E: 0D    BC    CO 

75 

LDA       Q6L .  X 

;   (4)     TIME    MUST    =    32    US    PER    I' f TE  ' 

F26l:B8 

76 

DEY 

,   (2) 

F262. 10   EA 

77 

BPL      WINTRPT 

, (3)     (2    IF    BRANCH    NOT    TAKEN) 

F264:  98 

78 

TYA 

i  (2)     INSURE   NO    INTERUPT    THIS    BYTE 

F265:30   03 

79 

BMI       WMIDLE, 

, (3>    BRANCH. ALWAYS, 

Fa67:AD    EF    FT 

80    WNTRPTl    LDA       INTERUPT 

, (A)    POLL    INTERUPT    LINE 

F26A:  05   8B 

81    WniDLE       ORA       1  MASK 

.   C3) 

F26C : EA 

82 

NOP 

.   C2) 

F26D: 30    02 

83 

DMI      "WDATA2 

i  (3)    BRANCH    IF    NO    INTERUPT 

F26F: 10    42 

84 

DPL      SERVICE 

iQO    SERVICE    INTERUPT. 

F27J:Ca 

85   WDATA2       INY 

i  (2) 

F272: D9    00    02 

86' 

LDA      NBUFl, Y 

i   tA'i 

F275:  9D    9D    CO 

37 

STA       Q6H,  X 

. (5)    STORE   ENCODED   OYTE 

F278:BD    8C    CO 

88 

LDA       Q6L,  X 

i  (4) 

F27B: CO   E4 

89 

CPY       ««E4 

i  (2)    WITHIN    1    MS   OF   COMPLETION? 

F27D;dO   E8 

90 

BNE      WNTRPTl 

i  (3)     (2)    NO    KEEP    WRITTINC   AND   POLLING 

F27F   EA 

91 

NOP 

i  (2) 

F2aO:C8 

92 

INY 

i  (2) 

F2ai:EA 

93   WDATA3      NOP 

.  <2) 

F2B2:  EA 

94 

NOP 

i  <  2  )                                         ,   __  . 

F283:48 

95 

PHA 

i  (4) 

F2B4: 68 

96 

PLA 

;  (3) 

F2e3:B9   00   02 

97 

LDA      NBUF1,Y 

;  <4)    WRITE   LAST    OF    ENCODED   BYTES 
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40 

FS-'Be    9D 

BD 

CO 

9a 

STA 

Q6H.  X 

M5)       WITHOUT    POLLING    INTEF-UPTS. 

^2B3    BD 

ec 

CO 

99 

LDA 

Q6L.  X 

.  (4  5 

r^SE    A5 

96 

100 

LDA 

CK5UM 

; (31    NORMALLY    FOP    TIMINO 

F290: C8 

101 

INY 

i  (2) 

F291    DO 

CE 

102 

BNE 

WDATA3 

; (3)     (2) 

F293;F0 

00 

103 

llEQ 

WRCi^SUM 

. (3)    DRANCH    ALWAYb 

f:?95  ;;o 

BD 

Fr^ 

104    WPCKSOM 

J&R 

WN3BL7 

;  (13.9.6)    00   WRITE    CHCXk.    £'JM'  ■ 

F299   AV 

\JE 

105 

LDA 

#«DE 

.  (2>       DM4.     BIT    SLIP    MAR!^ 

F59A   20 

BC 

Fr 

1  06 

J?R 

WNIBL9 

,  (15,9,  6)            WRJTE    IT 

F29D:  A9 

AA 

\oy 

LDA 

#«AA 

.  (2)       DM5.     BIT    SLIP    MAP;* 

F29F    20 

0C 

f;/ 

iOQ 

JSR 

WNI3L9 

>  (15.  9.  6)            WRITE    IT. 

F2A2   A9 

EG 

109 

LDA 

#»EB 

, '2)       DM6.     BIT    SLIP    MARK 

r--^^A4   20 

HC 

FJ' 

1  10 

JSR 

UNJBL9 

I  1  >.  9i  6)             WRITE::     IT 

t^.VA7    A9 

FF 

1  ]  1 

LDA 

#*FF 

.  .-,■..     TURN-OFK    3--TL-: 

r-cJA9    20 

BC 

F- 

1 1;: 

JSP 

UNI  B  1.9 

,V,9.9J        WRITF     ]1 

F2AC:BD 

3E 

CO 

113   NOWRITE 

IDA 

Q7L.  X 

i OUT    UF    WRITE    MODF 

F2AF:  BD 

8C 

CO 

114 

LDA 

Q6L.  X 

,.  TO   READ   MODE. 

F2B2: 60 

115 

RTS 

i RETURN    FROM    WRITE 

F233: 

116    * 

f:;d3  3S 

1 17    SERVICE 

SEC 

i TREAT    INTERUPTION   AS    ERROR 

F2B4: 2C 

54 

F3 

118 

BIT 

SEV 

iSET    VFLAO    TO    INDICATE    INTERUPT 

F297    20 

AC 

F2 

119 

sfSB 

r«2U9LtE 

iimS,   IT   OUT  QF  WRITE  riQDE' 

rSDA   'je 

120 

CI.  [ 

.COULD    NOT    HAVE    GOT    HERE    W[THt3UT    CL I    0^< 

rc.i<b  to 

1 ;- 1 

RTS 

f::i<c 

IIT;  ■♦• 

♦.*»»***♦♦**•*»*♦•*•»♦♦#**♦                                                                                 1 

FUBC 

123    ♦ 

* 

Fi^BC 

124    » 

7-Bir    NIBl.    WRITE    SUBPS       ♦                                                                                                                            | 

F2Dr 

125    * 

* 

k;.:i>' 

\  ..■-'  IV     » 

A  -REG    Oft 

D    PWIQR    KXIT          ♦                                                                                                                                      1 

1   ?  '     » 

1    "^O         ^.H. 

CARR'v 

vXrARED 

4' 

FSUC 

130    WNIBl  9 

CLC 

i  <2)       9    CYCLES.     THEN    WRITE 

rrisD  At? 

131  wNrni.7 

PHA 

i  (,3)       7    CYCLES-      THFN    WRITE 

f    .■>VJ|.-.-     6  J 

1  ie 

HI,.; 

'.   (4) 

'  :  ;^r    •'!' 

Rl> 

c  :• 

1  :)J    WM  LU 

:  TA 

Gt6H.   X 

.  <5)       UIBL    WRITF.    WE 

■     -■<.  c'        I  V 

SiC 

c ' 

.  RA 

(Jr.'-,.  X 

;  (41       CLOBBERS    ACC.       NOT    CAWf.  ' 

K,jC5    60 

13^ 

RTS 

F2C6 

136    * 

.      ^^      M^«»»»M.J«.» 

^••#wiHr 

F2C6 
F2C6 

138  «tt 

139  # 

#####' 

►•♦••i 

'••••••••< 

» 

f-3C6 

140   • 

'PRENISLIZE    SUBR 

* 

F-2C6 

141    * 

(16- 

-SECTOR    FORMAT 

* 

r;..'r/i 

142    * 

» 

F;.'Cfe. 

143    ♦«»*♦#*♦*#»*♦«*»•♦*«»•#•*##*                                                                                                                              1 

FSCft 

144    ♦ 

» 

i-2Ch 

145   • 

CONVERTS   ; 

256    BYTES 

OF         * 

F-  .^C  6 

146    * 

U3ER 

DATA 

IN    (BUF) 

INTO    ♦ 

I  i!  C  t-} 

]  47    » 

ErJCGDED    BYTES    TO    BE              ♦                                                                                                                              | 

f-  I'X  tr, 

148    * 

WP2TEN    DIRECTLY    TO 

DISK    * 

FiCA 

149    » 

ENCODED    CHECK    SUM 

IN            * 

K;iC6 

150    » 

ZERO 

PAGE 

'CKSUM' 

« 

F.JC6 

151    ♦ 

■• 

^.-.'Ci 

152    • 

— 

--    ON 

ENTRY    -- 

» 

f^i.'Cfa 

153    » 

■* 

i-:.'c& 

154    ♦ 

HL'F 

IS    2- 
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GUT 

(MOVE    OUT.     NOT     IN' 

F415 

49 

FF 

394 

top 

tt*FF 

CALC    TRKS    TO    GO 

F417'E6 

8C 

395 

INC 

CURTRK 

INCR    CURRENT    TRACK    (IN) 

F419    90 

04 

396 

BCC 

MINTST 

(ALWAYS   TAKEN) . 

F  4  1  B    6"^ 

FE 

397    OUT 

ADC 

#«FF 

CAl.C     TRKB    TO    GO 

r  'U  I>    C  6 

at 

378 

DLC 

CLTvTWK 

VECH    CURPENT     TRA'>     O'lUi  ' 

r-Vvf--   C*? 

V5 

3<ve?     MIMT. 

jT     CMr 

Tl^v^CNr 

F--A21.90 

02 

400 

BCC 

MAXTST 

AND     'TRKS    MOVED ' 

F423    Ab 

95 

401 

LDA 

TRKCNT 

F425    C9 

09 

402    MAXTST       CMP 

tt«9 

F^??7    DO 

02 

403 

ocr. 

s-jrE:P2 

IP     rjvkCiiT:  «8    LtAVL     y     f'l  GNE     :/=*»■ 

F4;?9    AG 

404  r,yif- 

TAN- 

KLSt    SET    ACCELERATTCiN     :NrE'^     IN    v 

F4;r'A    3B 

405 

:.£>, 

F42B    20 

48 

F4 

406    STEP. 

J2R 

SEITPHASE 

r42E    B9 

67 

F4 

40  7 

LDA 

DNTADLE, Y 

. rOR      'ONTTNE' 

F431     20 

56 

F4 

408 

JSR 

MSWAIT 

. ( 100   USEC     INTERVALS^ 

<--134    AS 

9V 

40''J 

LDA 

PRIOR 

r  .;irt    18 

4  1  C 

CL..C 

, roR  PHASLorr 

F-.r.-.-   20 

'^A 

F4 

4!  I 

osr* 

CL.Rr--HASE 

rUPrJ    OFF    PR  10"    PH.A^-F 

t  'K^A    E9 

^0 

F4 

41? 

LDA 

OFFTABLE,  Y 

THEN   WAIT     'OFFTIME' 

F43r>    20 

56 

F4 

413 

JSP 

MSWAIT 

( 100    USEC     INTERVALS) 

F-440    E6 

^^ 

414 

INC 

TRKCNT 

'TRACKS   MOVED'    COUNT 

r  ^a::  do 

f.6 

4  I  ^' 

UNE 

GEtK2 

(ALU'AYS    TAKEN- 

r4  4.i  r.o 

56 

F4 

4lc     SrL>.f 

ND    JSri 

nt^UIA  TT 

SETTLE    ;:5    MSEC 

r--A4  '    18 

41- 

CLC 

, 5ET    FOR    PHASE    OFF 

f:-448    A5 

8C 

4K-{    SETPHASe    LDA 

CURTRK 

GET    CURRENT    TRACK 

F4AA    29 

03 

419    CLRPHASE    AND 

tt3 

MASK    FOR    1    OF    4    PHASES 

F  140    ;:a 

■:.  r 

420 

a  .'  1 

ROL 

A 

DOUBLE    FOR    PHASFC:>N/OFF     IHDEX 

f-.|4F--    AA 

4,-_;; 

TAX 

f  4^0  in) 

:-;o 

CO 

4.-.r 

LOA 

pma!>;edff,  x 

.  TURN    ON /OFF     ONE    PHASf 

F4Sj3    A6 

81 

424 

LDX 

IBSLOT 

RESTORE    X-REG 

F455    60 

425    SEEKRTS    RTS 

AND    RETURN 

F-  V:;. 

it 2 7    *«■  -^ 

^**  *****»*■-{=  **«•♦*«****>♦                                                                                                      1 

f  ■ '+  '3  6 

428    *• 

* 

'-.,:>■    -fc 

ns^JAir   sur<r>rjUTiNr          v- 
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50 

)■    I "-  ^ 

m 

fr  L,    .     ->■&■»-> -ii  R  ■;■-  -K  --'■--».    -   .■■-  ■{?  *■  t  ■-  >^  ■*>■  i^  t'  *'■ 

f-4t'6 

"'^ii 

ii-                                                                                                      i* 

f-4'^.6 

i%  '■■;,> 

*       D  ^X.  A  r'  ^..    A    '-J  ^^'  E  C  [  F"  1 1. 1. '              ^ 

!      -1  '  ■; ." '. 

1-      'm'- 

*     --i'    .'  . 

■  K ::  '■' 

■fr                                                                           " 

r*»a '■-.-:. 

-  3e 

ON    tirJTPV    c- 

F   -^  •;.,-. 

A   ?^ 

•^ 

■    ,1  ■  ^ 

4r,i: 

4-; 

;  to  !!■  r-  ;.%!  <•    rcj 
:.-'(7.Lm' 

''■+''  /:• 

44A 

■^ 

F-  -^^v, 

4  4^3 

--    fifj    r  •-  IT    * 

^-•v-.-, 

4  46 
-t  ■   ■ 

3-                                                                                              a 

■  ■  .'1  ■  ■  ■  . 

4  ■ '  -■. 

4 

-0-                              !  ■                   .     ■        I'M'    ^  ■.■,-,;      ^ 
■   :    ■'     ■■■0  '  '  ,•■  v^  .   ■  ■     "■■  i  !'i  !  "  :-■         '■ 

.  I-  ■ 

-i 

■a 

.               '■.'  ■..■-*",    '.                                     .1                              '         i      ':"■' 
i 

J^    -     .■     ■         -..    .^    %-.:■>.-     ;    .■»  -.     ■'    '-    ^-   -■  ■-■■         1     ■    ■'     - 

'-■    -■■  ".  I'v     A  I. 

:  ■■ 

■  I  ■:  ■ .-. 

i-i-^^:-   :  '1        ;.,.r.  »        t*r  i  1 

■  -\  ".?-'    c  •■* 

'*  •     ! 

M<'.l;  '                 Of:    '■                                             '■-..  -..A  ,'     \  ■■■     •  'Sl:.L 

'  'I'r-J   r-.' 

1";',' 

•1-    '- 

Bv^i:         ("'M-.L-J  t 

•'",  ,^      i:  .- 

i  f^-.        --"a:  i  'A  -'i/. 

.',-'■     r 

'      .', 

i.r.i-       ■  ■'■  i  -                 '-■'..  ■::.-!     ■.  ■'■  "^  .-- 

■  ■'  ■■  ♦■     [_■ 

.  ,■■. 

..  -;■    ' 

]    •                               !^,.--,    .      '    •■>■    ''                               '.'...'     i.--]\      ■   1" 

■  '"^^    I     ?"' 

-t  ■;-  ■--* 

MF:^,-.              St:'. 

4';;..-  e:^-? 

,  ^   1 

a^.<-? 

SJA         u*;                      nAAF£       r.        iN  rSr-^v  .'A    .^^  ' 

r/L-, 4    D'; 

' "  C' 

■''■'■■"  "' 

Ont:      r^Ai^AT  r           •.  A--Re:A    ^Ouri  ^A-:-  ^ 

,  1,  -  ■,* 
F467 

474 

* 

F467: 

F4(f.7 

475 

♦                                          ♦ 

476 

*       PHASE    ON-.     OFF-TIME          * 

K4o"/, 

477 

*          TADLHS     IN    100-USEC          ■^■ 

F46-^ 

478 

>          INTERVALS,      ( TiEEK)             * 

F467: 

479 

♦                                                                  * 

F467: 

480 

#■**■»*  *-t^  ■»*»***♦♦««■*  ■«■♦•»**»*■* 

F467: 01 

30 

28 

481 

QNTABLE    DFB       li*30;*28. 

F46A    r.'4 

20 

IF. 

4G2 

UFB       *24.  420»  «1E 

F46'D;  U) 

IC 

IC 

463 

DFI-i       $1D-  *1C.  *1C 

F4-'0,  70 

2C 

2o 

4B4 

0FFTA3LE    DFB    $70.  t2C.*26 

F473: 22 

IF 

IE-: 

485 

DFB       »22.*1F.»1E 

F476    ID 

IC 

IC 

486 

DFB       *1D. *1C.*1C 
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» 

F479: 86 

83 

488 

BLOCKIC 

STX 

IBTRK 

F47B: AO 

05 

489 

jr-py. 

#»5 

F47D    48 

490 

PHA 

F47E    GA 

491 

TPKSEC 

ABL 

A 

F47F    2o 

83 

4=^2 

ROi- 

IBTRK 

F481    88 

493 

DEY 

F482: DO 

FA 

494 

BNe 

TRKSEC 

F484- 68 

495 

PLA  . 

FAe-i    .-J^? 

cjy 

496 

AND 

tt*7 

F487    A9 

497 

TAV 

F488    n=? 

AO 

F4       498 

.  IDA 

SECTABL, Y 

F48B: 85 

84 

499 

STA 

IBSECT 

F48D, 20 

00 

FO       500 

JSR 

REGRWTS 

F490: BO 

OB 

501 

.  BCS 

QUIT 

r49;;!  E£6 

86 

502 

INC 

IBDUFP+1 

F494    F6 

84 

503 

TNC 

IDSECT 

K496  e:6 

94 

504 

INC 

IBSECT 

F498    20 

00 

FO       505 

JSR 

REGRWTS 

F49B    C6 

86 

506 

de:c 

IBBUFP+1 

F49D    A5 

83 

507 

QUIT 

LDA 

IBSTAT 

f-49P    60 

508 

Hl^ 

F4A0 

^09 

•* 

F4AO 

•510 

3E^  rAliI 

K'i=.^ 

■*}■ 

F4A0. 00 

04 

08       '311 

DFD 

«0.  *4>  $8 

F4A3    CO 

Oi 

05       512 

VFB 

%r,  %\,  *5 

F4A6    OV 

CD 

513 

DFR 

*9,  *D 

f-  -VA'*-: 

514 

-* 

F4A8 

516    *    * 

»  *  »  »  * 

-»   «■   * 

K4A8 

517    ♦ 

« 

F  4A8 

518    * 

JOYSflCl^  " 

READ    ROUTINE               ♦                                                                                                                    | 

r  4  A '•5 

!3l9    «■ 

*■ 

r  -'^Ao 

'r^O    «     * 

♦    ■«-**■■* 

*     «•     tr 

»   *h  ■«.■»*   * 

F4A3 

•521     ♦    ENTRY       ACC  = 

COUNT 

DOWN    HIGH    » 

F4AB 

522    * 

X?<Y= 

DON  '  T 

CARE                  * 

f-4A8 

523    ♦ 

fr 

TmAF? 

^24     «•       FXI1         ACt> 

T I MER 

HIGH    DVTt    * 

F  iA-^j 

52?'    * 

v--^ 

TIMER 

LOW    DYTE       * 

F'iA8 

526    * 

CAPR 

1    CLEAF 

I                              * 

F4Aa 

527    » 

« 

r4Aa 

528    • 

IF    CARRY 

SET,     ROUTINE             *                                                                                                                   1 

r4AQ 

529    • 

WAS    I  NT  ERUPTED    ^-                 *                                                                                                           | 

r-iATj 

'530    * 

"a-..*:'  .!..  V 

ARE     INVALID                 »                                                                                                                             | 

F4rt[-3. 

'ill    *    * 

c-     u     «■    >■    e 

c-     *     » 

■»*«■-,-*■» 

F4A8 

'y:i2  * 

FFD9 

533    TIMLATCH    EQU 

*FFD9 

FFDG 

534    TIMERIL    EQU 

*rFD8 

FF-D'^ 

535    TIMERIH    EQU 

♦FFD*? 

-Z'-J\^Cj 

5j6    JOVP 

r.'V      F-,u 

*C066 

F-^A-' 

^o-'  * 

f-4A 

5-38    ANAI. 

OG     E-:ou 

* 

. CARRY    SHOULD    DE    SET' 

F4AB    3D    D 

Q    Ft- 

539 

STA 

TIMLATCH          ; START    THE    TIMER! 

F4AR    AI?    F.f      FF 

540    ANLGGl       L.DA 

INTERUPT 

F4Af.     i?E'    r- 

.-.,    f_" 

541 

AND 

JOYRDY 

iWAIT    FOR    ONE    OR    THE    OTHER    TO    GD    LOW 

F-4t:i      2'?    f 

:, 

',42 

Bm 

ANLOG 1 

y^rf..i  M-  ■: 

■*.-      '  -J 

543 

I.  OA 

JOYRDY 

■WAY     IT    REALLY    THE    JOY^TICK" 

►  ■4i.'.'.       /C     ■. 

54  4 
545 

CLC 

GOflDTIME          .NOPE.     FORGET     IT 

, TIME'S    A    SLIP    SLIDIN    AWAY 

F4Hf^     )B 

F4BV    ALi    V 

'V    Fr 

546 

l.DA 

TIMERIH           , NOW-      WHAT    TIME     IS     I T - 

F4G~   a:  L 

a    FF 

547 

LDY 

TIMERIL 

F4Br    10  >: 

T 

^3^8 

OPl- 

GDODTIME          ,TIME    WAS    VALID' 

K4':  '      A)?'     L 

■■^     Tf 

549 

LDA 

riMERlH             ;HI    BYTE    CHANGED 

F-4C4    ->: 

5tiO    GOGLTIhE    KT5 

♦  ♦*    S'JCChSSFUL    ASSEMDLY       NO    ERRORS 
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53 

54 

FOfc'9  ALDONt 1 

FOFIO  AL.LDONE 

Fl 19  ALUOFF 

7F4A8  ANALOG 

K4A0  ANL-OGl 

->F479  Dl.aCK  [f] 

9D  BUF 

F12P  CHKDRVl 

FI2B  CHKDRV 

rl3D  C^^DRVS 

96  CKSUh 

F44A  CLRPHASE 

F050  CONWAIT 

F0C7  CORRECTSECT 

7F0DF  CORRECTVOL 

95  COUNT 

^7    CSS TV 

97  CSUMl 

89  CSUM 

8C  CURTRK 

F300  DraoL 

F031  DRIVSEU 

C08A  DRVOEN 

85  DRVOTRK 

^C08D  DMVIEN 

F0[-:5  DRVERR 

F13E  DRVINDX 

F03D  DRVWAIT 

EO  DVnOT 

FFDF  ENVIRON 

9F  ENVTEMP 

?FOAO  GOCAL 1 

^FOAl  GOCAL 

K4C4  Gf30DTjME 

7F116  GOSEEK 

FIBA  GOSERV 

roFQ  HNDLERR 

SO  HHDHRRS 

85  IBBUFP 

87  IBCMD 

32     I)3D£:RR 

^y^   ip-DRVN 

80  IBNODRV 

7   83  IBRERR 

84  IBSE-ZCT 
83  IBTPK 

8i  IBSL.QT 
81  IGWPER 

89  IBSMOD 
SB  I MASK 

88  IBSTAT 
FFEF  INTERUPT 

SA  lOQPDN 

C066  JDYRDY 

95  LAST 

F425  NAXTST 

F41F  MIWT'dT 

9 A  MGNTIMEH 

99  MONT  I MEL 

F04E  MOTOF 

COai-3  MOTQricD^-K 

F.105  MYSEE^': 

F458  MSWl 
0200  NBUFl 

F461  MSVJ2 
0302  NBUF2 

F*355  NIBU 

?F060  NODHIVERR 

F08B  NOINTRl 

F0F3  N0INTR2 

F^AC  NOWR  ITr" 

FllB  NXdFF 

F470  OPFTABLE 

F044  OK 

SO  ONE MEG 

F467  ONTABLH 

F41B  OUT 

C080  PHASEOFF 

-.,-i-aM  PHAf^EiON 

7C0S1  FHAbON 

^C080  PHSDFF 

F315  PNIBLl 

'  ^_^  i_j  ^_"  L    1   '  T  n  '.vV  ii —  \J  •   T 

F3.::2  prui3L<? 

F'Jil  PDSTNra!6 
F2E:4  PREr4IC3 
COBC  06L 
F14D  RDl 
FIVE-:  RD5A 
y\M'-    RDf-3 
FMTA  RDA4 
F1T3D  RDADRli 
FT^?0  RPCKSUM 

K:336  P03T1 
F'.-M:A  PPf:NU?-l 
F2F8  PRENID4 
C08F  07 H 

F338  F0ST2 
F2C6  PRENIB16 

9D  PRIOR 
COSE  Q7L 

F34C  POSTERR 
7F2E7  PRENIB2 
C'OSD  Q6H 
F49D  QUIT 

F157  RD2 
F17D  R1?S 

F162  RD3 
Fi92  RD6 

F16B  RD4 
F1A3  RD7 

F1C3  R.OAl 
FIF2  RI>A-:. 
F1E8  RDAFLD 
F1E8  RDERR 

Fir)2  RDA2 
F204  RDA6 
FICD  RDASNl 
F217  RDEXIT 

FIDD  RDA3 
F20E  RDA7 
FlCl  RDASYN 
F0A7  RDRIGHT 

\'\hB    REAOlfc 

FOOO  REGRWTS 

93  RETRYCNT 

F152  RSYNCl 

F1«A  RSYNC 

FOBB  RTTRK 

F4A0  SECTABL 

98  SECT 

'■ri06  f:l-eki 

F'4.;4  St-tTKEND 
F443  ^3rTPHA5£ 
?F-Ar^9  STEP 

F40A  SEFk:? 

94  SEEKCNT 

F400  SEEK 

F125  SETTRK 
97  TEMP 

F2B3  SERVICE 
F354  SEV 
FFD9  TIMERIH 

F34C  SET  1 MEG 
F42B  STEP2 
FFDS  TINERIL 

FrD9  TIMLATCH 
99  T  R  K  N 1 

99  TRACK, 
F47E  TRW^:EC 

95  TRKCNT 
F0B6  TRYADR2 

9E  TRKN 

F07F  TRYADR 

r07P-  TRYTRK2 

F065  TRYTRK 

7F  TWOMEG 

9A  VOLUME 

^-IriT^t  VRYFRST 

F271  WDATAS 

F281  WDATA3 

F21B  WEXIT 

p-^i-;^-:  WINTRPT 

Fr?6A  WniDLE 

?F2BF  WNIBL 

F2BD  WNIBL7 

Fr:!3C  UNI  BL9 

F267  WNTRPTl 

F295  WRCKSUM 

F219  WRITE 16 

FOF-y  WRIT 

7F^23  WRTl 

r2?8  WRTFRST 

F230  WSYNC 

7F  TWOMEG 

80  IBNODRV 

80  HRDERRS 

80  ONEMEG 

S\     IDSLDT 

91  IBUPER 

82  IDDERR 

82  IBDRVN 

03  I  BR ERR 

83  IBTR^^ 

84  IDSECT 

85  DRVOTRK 

85  IBBUFP 

B7  IBCMD 

88  IBSTAT 

89  CSUM 

99  IBSMOD 

8 A  lOBPDN 

8B  I MASK 

BC  CURTRK 

93  RETRYCNT 

94  SEEKCNT 

95  LAST 

95  TRKCNT 

95  COUNT 

96  CKSUM 

97  CSSTV 

97  CSUMi 

97  TEMP 

98  SECT 

99  MONT I MEL 

99  TRKNl 

99  TRACK 
90  PRIOR 

9A  MONTIMEH 
9E  TRKN 

9A  VOLUME 
9F  ENVTEMP 

9B  BUF 
EC  DVMOT 

0200  NBUFl 

0302  NBUF2 

C066  JOYRDY 

7C080  PHSOFF 

C080  PHASEOFF 

?C081  PHASON 

?C0ai  PHASEON 

C08S  MOTOROFF 

0089  MOTORON 
C08D  Q6H 

COSA  DRVOEN 
COSE  Q7L 

?C0aB  DRVIEN 
COBF  Q7H 

C08C  Q6L 
FOOO  REGRWTS 

F031  DRIVSEL 

F03D  DRVWAIT 

F044  OK 

F04E  MOTOF 

FO*?©  CONWAIT 

■?F060  NDDRIVERR 

F065  TRYTRK 

F07B  TRYTRK2 

F07F  TRYADR 

F086  TRYADR2 

FOBB  NOINTRl 

7F0A0  GDCALl 

?F0A1  GOCAL 

F0A7  RDRIGHT 

FODB  RTTRK 

7F0BF  CORRECTVOL 

F0C7  CORRECTSECT 

FOEO  ALLDONE 

FOES  DRVERR 

FOEB  HNDLERR 

F0E9  ALDDNEl 

F0F3  N0INTR2 

F0F9  WRIT 

F105  MYSEEK 

?F106  5EEK1 

?F116  GOSEEK 

F119  ALLOFF 

FllB  NXOFF 

F125  SETTRK 

F12B  CHKDRV 

F12D  CHKDRV 1 

F13D  CKDRTS 
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56 

K13E  DPVINDX 

F148 

READ16 

F14A  RSYNC 

F14D 

RDl 

F152  RSYNCl 

F157 

RD2 

F162  RD3 

F16B 

RD4 

Fi7D  RD5 

F17E 

RD5A 

F192  RD6 

F19D 

RDCKSUM 

FiA5  RD7 

FIAF 

RDQ 

F1D8  RDERR 

FIDA 

OOSERV 

FIBD  RDADHlo 

FiCl 

RDA5YN 

F1C8  RDAl 

FICD 

RDASNl 

F\D'^    Rt)A2 

FIDD 

RDA3 

F1E8  RDAFLD 

FlEA 

RDA4 

riK2  RDA5 

r204 

RDA6 

F20E  RDA7 

F217 

RDEXIT 

F218  UEXIT 

F219 

WRITE16 

7F223  WRTl 

F230 

WSYNC 

K24t:  WINTRPT 

F256 

VRYFRST 

F258  WRTFRST 

F267 

WNTRPTl 

F26A  WMIDLE 

F271 

WDATA2 

F281  WD AT A3 

F295 

WRCKSUri 

F2AC  NOWRITE 

F2Q3 

SERVICE 

F2DC  WNIDL9 

F2BD 

WNIBL7 

?Fr2J3F  WNII3L 

F2C6 

PRENID1&        F2CA  PRENIDl 

F2E4 

PRENIB3 

?F?f:/  PR  EN  in.? 

F2Fa 

PRENID4 

F300  DNIDL 

F3U 

P0STNIB16 

F315  PNIBLl 

F322 

PNIBL2 

F336  POSTl 

F338 

P0ST2 

F34C  POSTERR 

F34C 

SETlMEt; 

F354  SEV 

F353 

NIDL 

F400  SEEK 

F40A 

SEEK2 

F41D  OUT 

F41F 

MINTST 

F425  NAXTST 

?F4rV9 

STEP 

F42D  STEP2 

F444 

SEEKEND 

K443  SETPHASe: 

F44A 

CLRPHASE       ?F455  SEEKRTS 

F456 

MSWAIT 

F45S  nSWl 

F461 

MSW2 

F467  DATABLE 

F470 

0FFTAi3LE 

■>F4/V  DLOCKID 

F47E 

TRKSEC 

F49D  QUIT 

F4A0 

SECTABL 

7F4AS  ANALOG 

F4AD 

ANLOGl 

F4C4  GOODTIME 

FFD8 

T I MER 1 L 

FFD9  TIMLATCH 

FFD? 

TTMERlh 

<         FFDF  ENVIRON 

FFEF 

INTERUPT 

Go  00 

^   .9^,j->.a  A-««->->'a  ■fi--a-*-vJ-*-«-*-*-*  <   i  «  **■*•**■** 

0000 

:B  - 

O'O'""''  ■ 

DIA'.NOe 

TIC  TES'!  -.JOTiNcS 

"  ;.5  "^  d 

\,.'  \..-  *_'  V 

0000 

;.'  -a     2  "V 

6  -^U  I>r\Gt{i''nXi'  S- 

h.   LASHL.r:'^' 

0000- 

"^  --- 

0000 . 

10  *COr- -RIQi-iV  1- 

V?      i-;V  Af-'P E  CJrr-L't.^',        liMC 

0000 : 

.  1  -■ 

0000: 

;_  7  -^-j  ->  -X-  r* -ft  ■»•*-*■*  -j-fr-ft 

•T-o  s  -yo  >■»■;?■ -a  ■*■*■*■♦-*->  ,;  ■ 

0001: 

■;i  RO-1 

FQU 

*i         FOR  RAM  v:-:^-  ..  ::,N. 

■■   - 

:>.:..:i=l_Y  ROn 

0000: 

14  ZR^^^ 

EGO 

SO 

0010: 

1^  I^POi 

EQU 

$  i  0 

00  IB- 

ir.  ^^-^F-;:-:, 

£00 

^hN-c-i-+e 

0019, 

,  '  rT;^^:. 

E^'kV 

vr.P01>9 

00 1  A . 

..'  -N>' 

a'Oi  ' 

.-:r-POi+*A 

008V . 

i^'  IBOMO 

F  ■--><-' 

I.-37 

0085, 

20  i3ii'jr 

=>   ^{00 

*a5 

OOS-l 

:C':  PRc:vT 

^K  FiQ'J 

591 

p^-Tc- 

;^2  BL-y.y-. 

10  ::oo 

*r479 

■^■■.■.~"!^' 

cr,'.."!   •_■  v" 

EGU 

*5D 

■JC-r  ':- 

^■■;  11  '  ■-■  - 

a.  'i.'j 

*FF 

141'-^, 

2;?  iijN;.< 

EGO 

»t400+PTRHI 

1  B  1  0 : 

^6  PHr 

tIGU 

tieOO+ZRPGl 

COCO: 

27    KY?0 

EGU 

if  C  000 

COO-i 

28  AFVBi: 

EOU 

scooa 

COIC' 

29  Ki3:;ST 

R6  eao 

■■fOOlO 

copies 

30  P0u=:n 

■cTOl' 

*C053 

C04y 

31  ADR^3 

EGU 

*C047 

CO'JO 

32  ORMD 

EQU 

«CC50 

CO' '31 

33  TXTMD 

EG 'J 

SC051 

COcjcj  . 

34  ACTO 

EGU 

*C066 

00:00 

35  DlSr^Z 

ff    EGU 

*CODO 

COFI  ■ 

3t  ^C\''^9 

T   EGU 

$C0F1 

cof:-:: 

37  AC  I  AC 

M   F.^U 

*C0F2 

C0r3: 

3a  ACIAC 

N   EGU 

*00F3 

CI  00, 

39  SlTI 

FGU 

$0100 

or.oo. 

40  SLT2 

EQU 

*C200 

'Z'30-'.- 

4;  SLT3 

■J.'^-j 

*C300 

0^00 

4.t7  SLT4 

wGv 

*C400 

CFFF: 

43  EXPROM   EQU 

SCFFF 

FFDO: 

44  ZPREC. 

EGU 

*FFDO 

FFDF: 

45  SYSDl 

SOU 

*FFDF 
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57 

58 

FF'J2: 

46 

SVSD^^ 

:,..j'.j 

$FFD2 

FFDl^. 

47 

SVSD3 

HQO 

*FFD3 

FrtlO; 

48 

5YSE0 

f;au 

*FFEO  . 

rrEr. 

49 

BNKSW 

tau 

*FFEF 

FKf-:i'' 

50 

S\'<6E2 

EQV 

*FFE2 

FFE3: 

51 

SY3E3 

fcQU 

«FFE3 

FC;?^: 

5i2 

COOT 

EQU 

*FC25 

FD07: 

53 

CPC3UT1 

EQU 

*FD07 

r-T-OF : 

54 

KEVIN 

!:£QU 

«FDOF 

F3C7: 

55 

SETCVH 

EQU 

*FBC7 

FD98; 

56 

CLDSTRT 

EQU 

«FD98 

FD9D: 

57 

SETUP 

EQU 

*FD9D 

F<^or 

58 

MONITOR 

EQU 

«F901 

0000 

59 

* 

NEXT 

OBJECT  FILE  NAME  IS 

DIAG.  ODJ 

F4C5: 

60 

ORG 

SF4C5 

F4C5: 00 

131 

Q2 

61 

RAMTBL 

DFB 

«o.  tBi.  «b: 

!.  »QAi  «B9>«10.  «0.  «13 

F4CS: DA 

B9 

10 

F4CB: 00 

13 

F4CD: 

62 

CHPO 

EQU 

* 

F4CD: 52 

41 

CD 

63 

DC  I 

'RAM' 

F4D0; 52 

4F 

CD 

64 

DCI 

^RCf-V 

F4D3: 56 

49 

CI 

65 

DC  I 

•VIA' 

F4D6; 41 

43 

49 

66 

DCI 

'ACIA' 

F4D9; CI 

F4DA: 41 

2F 

04 

67 

DCI 

'A/D' 

F4DD; 44 

49 

41 

68 

DCi 

'DIAGNOSTIC                                        1 

F4E0; 47 

4E 

4F 

F4E3: 53 

54 

49 

F4E6: C3 

F4E7: 5A 

DO 

69 

DCI 

■Ir 

F4E9: 52 

45 

54 

70 

Dc: 

'RETRY' 

F4eC ; 52 

D9 

F4EE: 

71 

* 

F4EE: 

72 

*  SETUP 

SYSTEM 

F4EE: 

73 

fr 

F4EE: 

74 

* 

F4EE: A9 

53 

75 

LDA 

#«52+R0M 

TURN  OFF  SCREEN,  SET  2MHZ  SPEED 

F4F0: BD 

DF 

FF 

76 

STA 

SYSDl 

AND  RUN  OFF  ROM 

F4F3: A2 

00 

77 

LDX 

#♦00 

S^T  DANK  SWITCH  TO  ZERO 

F4F5: 8E 

EO 

FF 

78 

STX 

SYSEO 

F4r8: BE 

EF 

FF 

79 

STX 

BNKSU 

F4FB: BE 

DO 

FF 

SO 

STX 

ZPREG 

AND  SET  ZERO  PAGE  SAME 

F4FE: CA 

81 

DEX 

F4FF: BE 

D2 

FF 

82 

STX 

SYSD2 

PROGRAM  DDR'S 

F502: SE 

D3 

FF 

S3 

STX 

SYSD3 

F50S: 9A 

S4 

TXS 

F506: E8 

85 

I  NX 

F507: A9 

OF 

B6 

LDA 

#«0F 

F509: SD 

£3 

FF 

87 

STA 

SYSE3 

F50C: A9 

3F 

88 

LDA 

#«3F 

rSOE: 8D 

E2 

FF 

89 

STA 

SYSe2 

F511; AO 

06 

90 

LDY 

#*06 

F513; D9 

DO 

CO 

91 

DI5K1 

LDA 

DISKOFF. Y 

F516; 88 

92 

DEY 

F517:88 

93 

DEY 

F518: 10 

F9 

94 

BPL 

DISKl 

F51A: AD 

OS 

CO 

95 

LDA 

KEYBD 

F51»: 29 

04 

96 

AND 

#$04 

F51F: DO 

03 

97 

BNE 

NXBYT 

r5c71:  4C 

89 

F6 

98 

UMP 

RECON 

F524: 

99 

« 

F524: 

100 

*  VERIFY  ZERO  PAGE 

F524; 

101 

« 

"APPLE  PAT  4  383  296  38"  11 6  KB  2000-02-27  dpi:  300hx300vpix:  181  Bhx  2681  v  | 

David  T  Craig  • 

21 

February  2004 

1  Page  0075  Of  0515  J 

\ 

Apple 

Computer  Selected  Patents                    | 

4,383,296 

- 

59 

60 

F524. A9  01 

2  C'.;: 

IdXSYT 

UDA 

#*01 

ROTATE  A  1  THROUGH 

F526: 95  00 

103 

NXBIT 

STA 

ZPPG.  X 

EACH  BIT  IN  THE  0  PC 

F528  D^  00 

10-^ 

crip 

ZRPG-  X 

TO  COMPLETELY  TEST 

r-52A:  DO  FE 

ioe> 

NOGOOD 

BNE 

NOGOOD 

THE  PAGE.  HANG  IF  NGGOCi; 

FS2C: OA 

106 

ASL 

A 

TRY  rJEXT  BIT  OF  EYTE 

F52D  DO  F7 

107 

Sfs't 

NXBIT 

UNTIL  BYTE  IS  ZERO. 

F52F: E8 

103 

Uv'X 

CONTINUE  UNTIL  PAGE 

rti30:  DO  F2 

109 

. 

BNE 

NXBYT 

IS  DONE. 

F532; 

110 

♦ 

F532:BA 

111 

CNTWR 

TXA 

PUSH  A  DIFFERENT 

F533: 48 

112 

PHA 

BYTE  ONTO  THE 

F534: E8 

113 

INX 

STACK  UNTIL  ALL 

F535: DO  FB 

114 

BtME 

CNTWR 

STCK  BYTES  ARE  FULL 

F537: CA 

115 

DEX 

THEN  PULL  THEM 

F538:S6  IB 

116 

STX 

PTRLO 

OFF  AND  COMPARE  TO 

F 53 A: 68 

117 

PULBT 

PLA 

THE  COUNTER  GOING 

F53D:  C5  18 

118 

CMP 

PTRLO 

BACt^WARDS.  HANG  IF 

F53D: DO  EB 

119 

BNE 

NOGOOD 

THEY  DON'T  AGREE. 

F53F: C6  IB 

120 

DEC 

PTRLO 

GET  NEXT  COUNTER  BYTE 

F541: DO  F7 

121 

BNE 

PULBT 

CONTINUE  UNTIL  STACK 

F543: 68 

122 

PLA 

IS  DONE.  TEST  LAST  BYTE 

F544:D0  E4 

123 

BNE 

NOGOOD 

AGAINST  ZERO. 

F546: 

124 

« 

F546: 

125 

*  SIZE 

THE  MEMORY 

F546: 

126 

« 

F546: A2  08 

127 

LDX 

»«08 

ZERO  THE  BYTES  USED  TO  DISPLAY 

F548: 93  10 

128 

NOMEM 

STA 

ZRPOl, X 

THE  DAD  RAM  LOCATIONS 

F54A: CA 

129 

DEX 

EACH  BYTEs  A  CAS  LINE 

F54D: 10  FB 

130 

BPU 

NOMEN 

ON  THE  SARA  BOARD. 

F54D: 

131 

« 

F54D: A2  02 

132 

LDX 

#»02 

STARTING  AT  PAGE  2 

F54F: 86  19 

133 

NMEMl 

STX 

PTRHI 

TEST  THE  LAST  BYTE 

F551:  A9  00 

134 

LDA 

#»00 

IN  EACH  MEM  PAGE  TO 

F553: AO  FF 

135 

LDY 

»»FF 

SEE  IF  THE  CHIPS  ARE 

F555:91  18 

136 

STA 

(PTRLD), Y 

THERE. (AVOID  0  t    STK  PAGES) 

F557:  Dl  18 

137 

CMP 

(PTRLO). Y 

CAN  THE  BYTE  BE  O'D? 

F559: FO  07 

138 

BEQ 

NMEM2 

F55B:20  48 

F7 

139 

JSR 

RAM 

NO,  FIND  WHICH  CAS  IT  IS 

F55E:94  10 

140 

STY 

ZRPG1>  X 

SET  CORRES.  BYTE  TO  FF 

F560: A6  19 

141 

LDX 

PTRHI 

RESTORE  X  REGISTER 

F562:EB 

142 

NMEM2 

INX 

AND  INCREMENT  TO  NEXT 

F563; EO  CO 

143 

CPX 

»*C0 

PAGE  UNTIL  I/O  IS  REACHED. 

F565: DO  E8 

144 

BNE 

NMEM 1 

F567: A2  20 

145 

LDX 

#«20 

THEN  RESET  TO  PAGE  20 

F569: EE  EF 

FF 

146 

INC 

BNKSU 

AND  GOTO  NEXT  BANK  TO 

F56C: AD  EF 

FF 

147 

LDA 

BNKSW 

CONTINUE   (MASK  INPUTS 

F56F: 29  OF 

148 

AND 

»»0F 

FROM  BANKSWITCH  TO  SEE 

F571  C9  03 

149 

CMP 

#»03 

WHAT  SWITCH  IS  SET  TO) 

F573: DO  DA 

150 

BNE 

NMEMl 

CONTINUE  UNTIL  BANK  '3' 

F575; 

151 

♦ 

F579: 

152 

♦  SETUP 

•  SCREEN 

F575: 20  9D 

FD 

153 

ERRLP 

JSR 

SETUP 

CALL  SCRH  SETUP  ROUTINE 

F578: A2  00 

154 

LDX 

#»00 

SETUP  I/O  AGAIN 

F57A: BE  EO 

FF 

155 

STX 

SYSEO 

FOR  VIA  TEST 

F57D: CA 

156 

DEX 

PROGRAM  DATA  DIR 

F57E:BE  D2 

FF 

157 

STX 

SYSD2 

REGISTERS 

F581:8E  D3 

FF 

15B 

STX 

SYSD3 

F584; A9  3F 

159 

LDA 

#»3F 

F586:  8D  E2 

FF 

160 

STA 

SYSE2 

F589: A9  OF 

161 

LDA 

#*0F 

F58B: 8D  E3 

FF 

162 

STA 

SYSE3 

F58E: A2  10 

163 

LDX 

#♦10 

HEADING  OF  'DIAGNSTICS'  WITH 

F590: 20  38 

F7 

164 

JSR 

STRUT 

THIS  SUBROUTINE 

F593: A2  00 

165 

ERRLPl 

LDX 

#$00 

PRINT  'RAM' 

F595; 86  5D 

166 

STX 

CV 

SET  CURSOR  TO  2ND  Ll\il 

F597: A9  04 

167 

LDA 

#*04 

SPACE  CURSOR  OUT  3 
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61 

62 

F9Vf    20   C7 

FB 

168 

JSK 

SETCVH 

(X    STILL-O    ON    RETURN) 

rsvc  20  30 

r? 

169 

JSR 

STRWT 

THE  iAPC   SUSR0UTir4E 

F9^    A2   07 

170 

LDX 

»«07 

FOR    BYTES    7    -    0    IN 

F5A1' 

171    RAMWTl 

EQU 

* 

F5Ar.B5    10 

172 

LDA 

2RPG1. X 

CUT    EACH    BIT    AS    A 

F5A3: AO    08 

173 

UDY 

#«08 

'     'OR     '1'    FOR'  INDICATE    BAD    OR    MISSING 

F3A5    OA 

174    RAMWT2 

ASL 

A 

CHIPS      SUBROUTINE    'RAM'                        RAM 

F5A6    48 

175 

PHA 

SETS    UP    THESE   BYTES 

F5A7    A9    AE 

176 

LDA 

#«AE 

LOAD    A     '     ■    TO    ACC 

F5A9    90    02 

177 

BCC 

RAMWT4 

F-SAB    A9    31 

l^B 

LDA 

»»31 

LOAD    A  .  ' I '    TO    ACC 

F5AD    20    25 

FC 

179   RAMWT4 

JSR 

GOUT 

AND    PRINT    IT 

F5D0    68 

180 

PLA 

RESTORE    BYTE 

F5D1    88 

131 

DEY 

AND    ROTATE    ALL    8 

K-JB2    DO    Fl 

137: 

BNE 

ramwt;? 

TT-^ltS 

F'7B4    20    07 

FD 

is:? 

JSR 

CRDUTl 

OLFAP    TO    END    OF    LINE 

f-bS,'    CA 

184 

DEV 

F5Ba    10    E7 

185 

BPL 

RAMWTl 

F53A 

186    * 

F^DA, 

187    *    ZPG^ySTK    TEST 

r!iBA 

188    -.- 

F'tEA    9A 

189 

TXS 

f-^BB    8C    EF 

FP 

190 

STY 

HNKSU; 

F5BE    93 

191     ZPl 

TYA 

f-5BF    8D    DO 

FF 

192 

STA 

ZPREG 

F5C2    85    FF 

193 

STA 

STKO 

F^'r4    C8 

194 

I  NY 

r^i^'i    98 

195 

TYA 

f-^Cc    48 

i  ^  ■- 

PHA 

^■SC7    68 

197 

PLA 

F5Ca    C8 

198 

INV 

F'7r9    CO    20 

199 

CPV 

#*20 

F-^^:iJ    00    Fl 

C."  '-  '-■ 

B,NF 

l^) 

<  'J CI/    AO    00 

i  L'  1 

LDV 

♦*»uO 

h-^--p     fjC    DO 

F.' 

.:'"';■:'■ 

':j'1  t 

i-V-'REQ 

F5D2    B6    IS 

203 

STX 

PTRLO 

F5D4    E8 

204    2P2 

I  NX 

FSD5    86    19 

20? 

STX 

PTRHI 

F^^y    8 A 

2l'c. 

TXA 

F:-rc^  Di    IB 

='|J  -' 

crp 

DT'.*L.':-  '  .  1 

F-^A-A    D'}    06 

^CJj 

ONK 

ZP3 

F5DC    EO    IF 

209 

CPX 

»»«1F 

F5DE    DO    F4 

210 

BNE 

ZP2 

r'^EO    FO    05 

r?ll 

0EQ 

ROMTST 

f^e:2 

?n2     ZPT 

EQU 

* 

CHIP     IS     THERE,      DAD    Zt:RD    AND    'j^AC*' 

f--'t:2    A  2     lA 

21  3 

LDV 

«S1A 

GO    PR  INT     'ZP '    MESSAGE 

t'-t[:;4     .':C'     7B 

F* 

214 

JSR 

MES5ERR 

Z'    SET    FLAC     <2MHZ    MODE) 

FSE7 

215    * 

F^E7 

216    ♦    RUM 

TEST 

ROUTRiF 

F5E^ 

2L7    • 

r'5F'''    A9    00 

2  IB    HONT-  r 

DjA 

1**0'y 

SET    POINTERS    TO 

r^F^^  '^8 

219 

TAV 

♦  FOOO 

^■5t:"A    A£    FO 

^:2o 

■.ny 

#Eri: 

r5EC    85    18 

221 

STA 

PTRLO 

F5EE: &h    19 

222 

STX 

PTRHI 

SET    X    TO    »FF 

F5F0    A2    FF 

223 

LDX 

#»FF 

FOR    WINDOWING    I/O 

K'?F'f:     ':  !      IB 

224    ROMTSTi    f-:OR 

(PTRLO) 

.  i    COMPUTE    CHKSUM    ON 

t^'^f'-'i    l-.H     I^ 

225 

■:pv 

PTRHt 

EACH    ROM    BYTE, 

ff9F6:D0 

OA 

226 

BNE      R0HT8T2        WINDOW  OUT 

F9Fe: CO 

ar 

227 

rPY      fnr                «AM0C9  FFCO-FFEF     _       .__ 

FSFA:  DO 

02 

228 

BNE      R0HTST2 

F5FC: AO 

EF 

229 

LDY      »«EF 

F5FE:C8 

230    R0MTST2 

I  NY 



F5FF: DO 

fT^" 

231 

BNE      ROMTST 1 

F601: E6 

19 

232 

INC       PTRHI 

F603:D0 

ED  _ 

233 

BNE      ROMTSTl           _     

F605; AS 

234 

TAY 

TEST    ACC.     FOR    0 

F606:F0 

05 

235 

BEQ      VIATST            YES,     NEXT    TEST                                                      | 

F608: A2 
F66A:  20 

03 
7B    F7 

236 
237 

LDX       #« 

03                PRINT    'ROM  LAND        

SSERR         SET   ERROR 

JSR       ME 

F60D: 

238    « 
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64 

F60D: 

239  #    VIA 

240  « 

TEST    ROUTINE 

_     ___ 

F(bOD: 

F60D: 18 

241    VIATST       CLC 

SET    UP    FOR    ADDING    DYTES 

F60E: D8 

242 

CLD 

^ 

F60F: AD    EO 

FF 

243 

LDA 

SYSEO 

MASK    OFF    INPUT    BITS 

F612; 29    3F 

244 

AND 

#»3F 

AND    STORE    BYTE    IN 

F614; 85    18 

245 

STA 

PTRLO 

TEMPOR.     LOCATION 

Ft:&>-  AD    EF 

>"f 

246 

LDA 

3NKSW 

MASK    OFF    INPUT    BITS 

F619. 29    4F 

247 

AND 

#*4F 

AND    ADD    TO    STORED 

F61Q    65     18 

248 

ADC 

PTRLD 

BYTE    IN    TEMP.     LOC. 

F61D- 6D    DO 

FF 

249 

ADC 

ZPREG 

ADD    REMAINING 

F620; 85    18 

250 

STA 

PTRLO 

REGISTERS    OF    THE 

F622: AD    DF 

FF 

251 

LDA 

SYSDl 

VIA'S 

F625    29    5F 

252 

AND 

#*5F 

(MASK    THIS    ONE) 

F627    65    IS 

253 

ADC 

PTRLD 

AND    TEST 

F629    6D    D2 

FF 

254 

ADC 

SYSD2 

TO    SEE 

F62C    60    D3 

FF 

255 

ADC 

SYSD3 

IF    THEY    AGREE 

F6kf      6D    E2 

FF 

256 

ADC 

BYSE2 

WITH    THE    RESET 

F63:0    60    E3 

FF 

257 

ADC 

SYSE3 

CONDITION. 

F.:-)'■:^    "9    El 

25S 

cnp 

#$EO+Rari 

~Ei-;=' 

f-"6::  ■    ^-'0  05 

259 

BEG 

AC  I A 

YES.     NEXT    TEST 

f->:^'--    A?    06 

260 

LDX 

#«06 

NO,     PRINT     'UIA'    MESS 

F63!-;    20    7B 

F7 

261 

JSR 

riESSERR 

AND    SET    ERROR    FLAG 
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K90D  85 

60 

70 

=iTA 

PROMPT 

F90r  20 

D5 

FC 

71 

JSR 

GETLNZ 

,GET  A  LINE  DF  INPUT 

F912  20 

67 

F9 

72  \ 

3CAN 

JSW 

ESTATE 

SET  REGULAR  SCAN 

F915:  20 

2C 

F9 

73  1 

siXTINP 

JSR 

5ETNUM 

i  ATTEMPT  TO  READ  HEX  BYTf. 

F91B  84 

VD 

74 

STY 

vaAV 

,  GTOPE  CURRENT  INPUT  F-UIIilLfv 

F-  9  1  A  AO 

11 

'^5 

LD> 

#tll 

17  COMMANDS 

F91C  88 

•^6 

:md5Rc:h 

DEV 

F91D. 30 

E5 

77 

BMI 

MON 

iGIVE  UP  IF  UNRECOGNIZABLE 

F91F;  D9 

60 

F9 

78 

criP 

CMDTAB. Y 

i FOUND? 

F922.D0 

F8 

79 

BNE 

CMDSRCH 

iNG  KEEP  LOOKING 

F924  20 

5E 

F9 

80 

JSR 

TCJSUB 

, PERFORM  FUNCTION 

F92V  A4 

7D 

91 

LDV 

YEiAV 

, GET  NEXT  POINTER 

F929  4C 

15 

F9 

32 

JMf- 

IJXTIIMP 

; DO  NEXT  COMMAND 

F92C; 

83 

• 

F92C : A2 

OO 

84 

SETNUM 

LDX 

#0 

i  CLEAR  A2 

F92E  86 

76 

85 

STX 

A2L 

F930  86 

T7 

86 

ST» 

A^H 

F932.BI 

7E 

87 

rJXTCHR 

LDA 

i   INBUF  •'  .  Y 

F-934  C8 

88 

rrjv 

i 

QUMP  INDEX  FOR  NEXT  TIME 

F935  49 

DO 

89 

EOR 

#»0O 

F937  C9 

OA 

90 

CMP 

««A 

i  TEST  FOR  DIGIT 

F939-  90 

06 

91 

BCC 

DIGIT 

;  SAVE  IT  IF  1 -<? 

F93B. 6« 

88 

92 

ADC 

4*88 

J  TEST  FOR  HEX  A-F 

F93D.C9 

FA 

93 

-:  np 

4 'IF  A 

F93F  90 

2A 

94 

ncc 

DIGRET 

F94r  A2 

03 

95 

DIGIT 

LDX 

#3 

F943; OA 

96 

ASU 

A 

F944; OA 

97 

ASl. 

A 

r945  OA 

98 

ASL. 

A 

F946  OA 

99 

A^^l 

A 

r947 

OA 

100 

NitTDJT 

ASl. 

A 

,  ^>nFT  HEX  DI>JIT3  INTO  A2 

F948 

26 

76 

toi 

ROL 

A2L 

F94A 

26 

77 

102 

RQL 

A2H 

F94C 

CA 

103 

DEX 

-,  SHIFTED  ALL  YET? 

F94D 

10 

F8 

104 

bPL 

rjxTSir 

F94r- 

A5 

7C 

105 

NXTHAS 

LDA 

ESTATE 

F951 

DO 

06 

106 

UNK 

NXT0S2 

,  IF  ZERO  THEN  COPY  TO  A  I,  3 
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83 

84 

F953 

B5 

77 

107 

LDA 

A2H.  X 

F955 

95 

75 

lOB 

STA 

A1H>  X 

F957 

95 

79 

109 

STA 

A3H.  X 

K^59 

E8 

no    NXTDS2 

INX 

F^5A 

FO 

F3 

111 

BEG 

NXTBAS 

FV-^C 

DO 

D4 

1  Ir? 

BNF 

NXTCHR 

F95E 

113    * 

F95E: 

A9 

FA 

114    T05UB 

LDA 

»:ASCII          ;PUSH   ADDRESS    OR    FUNCTION 

F9&0 

48 

115 

PHA 

i AND    RETURN    TO    IT 

r96i 

B*9 

->€ 

"^        116 

LDA 

CMDVEC-  y 

F9.S4 

48 

117 

PHA 

F965 

A5 

7C 

118 

LDA 

STATE 

PASS 

MODE   VIA   ACC 

F967 

AO 

00 

119 

ZSTATE 

LDY 

#0 

F969 

84 

7C 

120 

STY 

STATE 

i  RESET    STATE    OF    SCAN                                                         I 

F96B 

60 

121 

DIGRET 

RTS 

F96C 

122 

■ft 

F96C 

123 

CMDTAB 

EQU 

* 

F96C 

00 

124 

DFB 

*0 

,     <3 

=G0    (CALL)    SUBROUTINE 

F96D 

03 

125 

DFB 

»3 

J 

=JUMP    (CONT)    PROGRAM 

F96E 

06 

126 

DFS 

S6 

M 

=MOVE    MEMORY 

F96F 

EB 

127 

DFB 

%EB 

R 

=READ    DISK    BLOCK 

F970 

EE 

128 

DFB 

*EE 

U 

=USER    FUNCTION 

F971 

EK 

129 

DFB 

«EF 

V 

^VERIFY    MEMORY    BLOCKS 

F972. 

FO 

130 

DFD 

»F0 

w 

-WRITE    DISK    BLOCK 

F97'J 

Fl 

131 

DFB 

»F1 

X 

=REPEAT    LINE    OF    COMMANDS 

r97*K 

99 

132 

DFJ3 

«99 

SP 

=SPACE     (BYTE    SEPARATOR) 

F97*5; 

9D 

133 

DFB 

*9B 

" 

=ASCII     (HI    BIT    ON) 

F976: 

AO 

134 

DFB 

*A0 

' 

=ASCII     (HI    BIT    OFF) 

F977: 

93 

135 

DFB 

*93 

: 

=SET    STORE    MODE 

F978: 

A7 

136 

DFB 

»A7 

-RAN(?E    SEPARATOR 

F979 

Aa 

137 

DFB 

«A8 

/ 

^COMMAND    SEPARATOR 

F97A. 

9b 

138 

DFB 

*95 

.^ 

=DEST/SOURCE    SEPARATOR 

F9^U 

C6 

139 

DFB 

*C6 

CR 

=CARRAGE    RETURN 

fTcjTC: 

140 

* 

F97C; 

141 

CMDVEC 

EQU 

«■ 

F97C, 

7C 

142 

DFB 

GO-1 

F97D: 

7A 

143 

DFB 

JUMP-1 

F97E: 

2B 

144 

DFB 

MOVE-1 

F97F: 

DF 

145 

DFD 

HEAD-1 

F930, 

77 

146 

DFB 

USER-1 

r931: 

3A 

147 

DFB 

VRFY-1 

F962; 

C2 

148 

DFB 

WRTE-1 

F983: 

18 

149 

D?^B 

REPEAT- 1 

r  984 : 

A3 

150 

0Fi5 

3PCE-1 

F9ee': 

Go 

:5i 

OFS 

ABC  1 1- 1 

F•■vSt^; 

0& 

152 

IVr^j 

ABC  11 0-1 

F9C-i7 

37 

153 

DFB 

SETflODE-l 

r9C^a; 

B7 

154 

DFB 

SETMDDE-l 

=*"S9: 

99 

155 

DFB 

SEP-l 

r '>  C<A : 

90 

156 

DFE 

DEST-1 

r9BiJ. 

^5 

I  ?'  ' 

DFB 

CHMON-1 

r"9^r  ■ 

151? 

^ 

r^aC: 

159 

fr 

F'-?8C: 

fc:6 

VA 

160 

NXTA4 

INC 

A4L 

;  BUMF 

16    BIT    POINTERS 

F9SI-:, 

DO 

02 

161 

Br4E 

NXTAl 

r^'^'O. 

E.i> 

73 

162 

ilMC 

A4H 

t^-09;.; 

£16 

74 

163 

NXTAl 

INC 

AIL 

i  BUMF 

Al 

F9'^'4: 

D  '-'■ 

164 

B^E 

T5TA1 

Fvv,-.; 

£6 

•^s 

165 

INC 

AlH 

f--c:,9Q 

3e 

166 

SEC 

.  IN  i: 

ASE    OF    ROLL    OVER. 

f--9c,9. 

FO 

10 

167 

3EQ 

RETAl 

F=-'-tR. 

A^3 

74 

1  6G 

T3TA3 

LDA 

AIL 

;TE31 

■    A1>A2 

Fv'-i:-- 

':^:e:; 

;  C.9 

SEC. 

f--v7c,vr- 

iH:!i 

''t 

170 

SBC 

A2L 

F9aO' 

d^ 

SO 

171 

STA 

TE!1P 
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85 

86 

rvA2:  AS  '"5 

172           LDA   Ai!-i 

i^'-'A4  E:>  77 

173          SBC   A2H 

-  '.->>:-.  O'f'  .30 

:  -'.-i           OftA  TETIP 

^-9mB  do  01 

I7t           13Nt:   Rf:TAl 

i  IF  Al  LESS  THAN  OR  TiauAL  Tfj  **,.: 

rMA:  Ul 

17«          cue 

>  THCM  cmmr  clam  on  mturn 

nM:«D 

m  fWTAl   m 

F9AC: 

178  ♦ 

F9AC: 

179  * 

F9ACA8___  _ 

180  PRBYTE   PHA 

;SAVE  LOW  NIBBLE  ._  

F9AD: 4A 

181          LSR   A 

F9AE:  4 A 

182          LSR   A 

i SHIFT  HI  NIBBLE  TO  PRINT. 

F9AF: 4A 

183          LSR   A 

F9B0; 4A 

184          LSR   A 

F9B1  20  B7 

F9   185          JSR   PRHEXZ 

F9B4:  68 

186  . PLA       „.  . 

F9B5: 29  OF 

187  PRHEX    AND   #«0F 

VstrTp  HI  'nibble 

F9B7: 09  BO 

188  PRHEXZ   DRA   #«B0 

;MAKE  IT  NUMERIC 

F9B9:  C9  BA 

189          CMP   ««BA 

i   IS  IT  >'9' 

F9BB:90  02 

190          BCC   PRHEX2 

F9BD; 69  06 

191           ADC   #*6 

;MAKE  IT  'A'-'F' 

F9BF: 4C  25 
F9C2: 

FC   192  PRHEX2   JMP   COUT 
193  » 

F9C2:  20  AC 

F9   194  PRBYCOL  JSR   PRBYTE 

F9C5: 

F9C5;  A9  BA 

195  « 

196  PRCOLON  LDA   #«BA 

/PRINT  A  COLON 

F9C7: DO  F6 

197          DNE   PRHEX2 

; BRANCH  ALWAYS 

F9C9; 

198  * 

F9C9: A9  07 

199  TST80WID  LDA  #7 

i ANTICIPATE 

F9CB:  24  68 

200          BIT   MODES 

;TEST  FOR  BO 

F9CD: 50  02 

201          BVC   SVMASK 

F9CF: A9  OF 

202          LDA   #»F 

F9D1:85  69 

203  SVMASK   STA   MASK 

F9D3: 60 

204          RTS 

F9D4: 

205  » 

F9D4: 8A 

206  AlPC     TXA 

; TEST  FOR  NEW  PC 

F9D5: FO  07 

207          BEQ   OLDPC 

F9n7: B5  74 

208  AlPCl    LDA   AIL.  X 

F9D<?  95  72 

209          STA   PCL,  X 

F9DH: CA 

210          DEX 

.. 

F9DC: 10  F9 

211          BPL   AlPCl 

F9DE: 60 

212  OLDPC    RTS 

F9DF; 

213  * 

F9DF  85  69 

214  ASCI  11   STA   MASK 

i SAVE  HI  BIT  STATUS 

F9ei  A4  7D 

215  ASCI  12   LDY   YSAV 

;MOVE  ASCII  TO  MEMORY 

F9E3: Bl  7E 

216          LDA   (INBUF). 

Y 

F9E5;  E6  7D 

217          INC   YSAV 

iBUMP  FOR  NEXT  THINO. 

F9e7; AO  00 

218          LDY   #0 

F9E9:C9  A2 

219          CMP   #»A2 

i ASCII  "  ? 

F9ED: DO  05 

220     '      BNE   ASCI  13 

;NdPE.  CONTINUE. 

F9ED, A5  69 

221           LDA   MASK 

F9EF  10  20 

222          BPL   BITON 

;HE'S  CHANGED  MODES. 

F9F1: 60 

223          RtS 

iNOr    HE'S  DONE. 

F9F2; C9  A7 

224  ASCI  13   CMP   #«A7 

i ASCII  '  ? 

F9F4: DO  05 

225          BNE   CRCHK 

;N0,  TEST  FOR  EOL. 

F9F6  A5  69' 

226          LDA   MASK 

F9FB  30  IB 

227          BMI   B I TOFF 

; CHAMGE  MODES. 

F9FA: 60 

228          RTS 

F9FB:C9  8D 

229  CRCHK    CMP   tt«8b 

jEND"  OF  LINiE? 

F9FD: FO  07 

230          BEQ   ASCDONE 

i  YESi  FINISHED 

F9FF:  25  4i^ 
FAOl  20  AF' 

231          AND   HMK 

FA   332          JSR   STORl 

iOO  STORE  IT! 

FA04: DO  DB 

233          BNE   ASCI  12 

i  DO  NEXT. 
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88 

FA06  «) 

S34  ASCDONC 

RTS 

FA07: 

FA07  38 

239  * 

236  ASCII 

seT 

■  — 

;  INDICATE  Hi"  ON. 

FAOB  90 

237 

DFB 

♦90 

.   (DCC  -  NEVER  TAKEN) 

FA09.  18 

238  ASCI  10 

CLC 

, INDICATE  HI  OFF 

FAOA  AA 

239  CKMDE 

TAX 

, SAVE  STATE 

FAOB: 86 

7C 

240 

STX 

STATE      i 

F?ETAIN  STATE 

FAOD: 49 

DA 

241 

EOR 

#»DA 

ARE  WE  IN  STORE  MODE"' 

fAOK. DO 

7D 

242- 

ONE 

ERROR 

FAll  A=? 

FF 

243  DITOIM 

LDA 

#»FF 

SFT  HI  BIT  UNMASKED 

KAIJ  DO 

CA 

244 

DCS 

ASCI  11 

FAl-^  A9 

7F 

245  D I  TOFF 

LDA 

#»7F 

MASK  HI  DIT 

FA  17:  10 

C6 

246 

BPL 

ASC III     i 

ALWAYS 

h-Al<9  2C 

00  CO 

247  REPEAT 

DIT 

KBD 

^ REPEAT  UNTIL  KEYPRESS 

r-  A  k:  ]  0 

OJ 

24-8 

nPL 

F^KFEATl 

FA  IK  40 

OF  FC 

24^^ 

JMP 

KEVIN 

fa::!  ijfT 

250  PEPEATl 

PL  A 

CLFAN  UP  STACK 

KA2^'  6a 

251 

PLA 

rA23  40 

12  F9 

252 

JMP 

SCAN 

FA26 

253  » 

fA^'/, 

254  * 

fa;,.'---  io 

AO  FA 

255  "RMON 

jsrv 

DLl 

fa;:"^  40 

OB  f'-y 

2^'^.- 

■jnp 

nuNi 

FA2C 

257  * 

FA 20  20 

9D  F9 

259  MOVE 

JSR 

TSTAl 

DON'T  MOVE  ANYTHING  IF  ILl.EOAL  INPUT 

FArJF  BO 

•?D 

259 

DCS 

ERROR 

r  r^::;  i  ['- 1 

-4 

260  r^DVN^'T 

L  T'A 

( A 1 L  ■> ,  y 

MHVF  A  BYTE 

FAJJ  ^1 

■'A 

c-  '!!■  I 

:-;ta 

<  A4L  .'  .  V 

*'lV<^>       rtO 

S5C  F^- 

2-.:-: 

.'SP 

NlfTA^ 

DUMP  BOTH  Al  AND  A4 

hrs:m  90 

F7 

263 

ncc 

MGVNXT 

f-.%3A  60 

26  4 

RTS 

ALL  DONE  WITH  MOVE 

t-'AlrlB 

265  » 

'■■a:;e 

.::'^.'->  * 

■•.:'i-'  ^'0 

-Jlj  FV 

.f.;-  vprv 

.i^H 

TF.  lAl 

rE;:-rT  VALID  RANOE 

^  •■-  jt.  D': 

'iF 

.'•?  ■-■  --J 

OCS 

ERROR 

FA.v;^  Bl 

.'4 

2'j9  VRFYl 

I- DA 

(  A 1 L  )  -  V 

COMPARE  BYTE  FOR  BYTE 

FA4:-:  Di 

7A 

270 

CMP 

(A4L  '-  Y 

MATCH^ 

FAA4  Fu 

06 

271 

DEQ 

7RFY2 

YES.  DO  NEXT- 

r  -I'fi-  c.'O 

'J  2    FA 

c.   c. 

J5R 

niSMATCH 

PFJir^T  BOTH  BYTES 

f-A4^.  ^r- 

FF  FC 

c'  ^  ' 

JSR 

CRUUT 

GO  TO  NEWLINE 

!.   ,-,  ,i.,~'   ^r, 

SC  F9 

2. '4  VPF>;: 

ic;rj 

r4trA4     ,  I 

JUfn  DOTH  Al  AND  A4 

FA4F  90 

EF 

275 

ucc 

VRFVl 

FA51  60 

276 

RTS 

VERIFY  DONE. 

FA!:-?. 

27-^  « 

FAS,^J  A^ 

■'3 

2/^  (^I^dMATCH  l.OA 

A4H 

PRINT  ADDRESS  OF  A4 

I  .A'Lvi  ?*:» 

AC  F^ 

2/9 

,'3R 

PRKVTE 

FA':'  A'5 

:'A 

280 

LDA 

A4L 

FAr>9  20 

C2  F9 

2B1 

JSR 

PRBYCOL 

OUTPUT  A  COLON  FOR  SEPARATOR 

FA5C  DI 

7A 

282 

LDA 

<A4Li,  Y 

AND  THE  DATA.   . 

FA^t-:  20 

70  FA 

283 

JSR 

PRBYTSP 

PRINT  THE  BYTE  AND  A  SPACE 

f-At-i  ;:'.' 

7  3  FA 

2-34  PRINT  A  I 

J3H 

PRSFC 

LFAU'  WITH  A  SPACE  . 

r.A/-,4  A'i 

75 

20') 

LUA 

AlH 

OUTPUT  ADDRESS  Al 

^'''•-^i-'  .10 

AC  F9 

2^.^ 

-.>SR 

PRDVTE 

FAd9  A5 

74 

28-' 

LDA 

AIL 

FAtoH  20 

C2  F9 

288 

JSR 

PHBYCOL 

SEPARATE  WITH  A  COLEN 

FA6F  !3  1 

74 

289  PRA10YTE  L.DA 

<  A I L) ,  Y 

PRINT  DVTE  POINTED  TO  BY  Al 

FA/0  'zJC- 

Ar  F-^v 

290  PRBYTSP 

JSP 

PRBYTE 

FA  VIS  A-- 

A''> 

291  PR5PC 

LOA 

t»«AO 

PRINT  A  SPACE 

FA7^  AC 

25  FC 

292 

\jrlF 

COUT 

END  VIA  OUTPUT  ROUTINE 

FA7B 

293  » 

!^B  o:"- 

2'M  ^y-zi'.H 

jfiH 

U^-;r:i<ADR 

I  » •  [^ 

PLA 

FA  70  1^8 

297 

PLA 

LEAVE  STACK  WITH  NOTHIN'  ON  I! 

FA7D  20 

C'4  F9 

298  QO 

JSP 

A 1 P  r; 

STUFF  PROGRAM  COUNTER 

FABO  6C 

72  00 

29*? 

JMP 

<PCL) 

JUMP  Tn  USER  PROG 

FAFJ3 

.00  * 

^-Acn 

j-'i  Higt:r*ROP 

rou 
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89 

90 

F"Ae.v>  f?o  A'-:   F^' 

.^■:■c:' 

.J3« 

PRDVTE 

i-'-M   r-     THE    OFFENDER 

FAB6    A9    Al 

-.303 

LDA 

««A1 

-FOLLOWED    UY    A    " ' " 

FA88. 20    2  5    FC 

:^04 

JSR 

COUT 

FAPB    2C    07    FD 

-.-iO!^    EPR0R2 

J5R 

N03TCP 

,OUT^^UT    A    CARRAGE    RE  T'.'HN     •  U\i    ■■■VOr^LSTi 

t  A.'OK     4C     04    F'^5 

ij.-.   rRm^ii 

..IMP 

nor  J 

!■■■**--''  \ 

r- .'■.-•■  1    A 'J    ■.■A 

I  OA 

A2L 

,CD;^""    A2    TC    A4    FCJP     Dr-I-T  ir-:AT]n<-'    Mf- 

FA"'3    9!?    "'A 

■30V 

STA 

A4L 

FAV5    A^    77 

'.:> :  0 

LDA 

A2H 

FAv-;    a*?    70 

ii  I 

STA 

A4H 

fA'---      ■■- 

■  J 1.. 

p  rc-. 

r    AVr'. 

,    -. 

--.\-/,     :-j     -.4    rA. 

■.■  .   i     ^E> 

-J^:*? 

^:>PCF 

.  SL:- ARATi]R      TE5T    yrOPC    >''i(:;rn-    u*-    |'*.■■^^' 

f-AM;     99 

"■;  1  '"} 

TYA 

;     7FRD    MODE 

IA9t'     FO     U) 

?1f 

UEO 

SETMDZ 

, EPANCH    ALWAYS 

F'AAf.' 

3  i  ■■      * 

i^E*: 

V  >«'.■■ 

,  Tf-sr  FGP  rjo  L-IM-: 

f  »:.  \;-"    r  !  ■     '. '- 

D£0 

p.i.'M'^f^ 

.  1  •■   MO  LINE,    q[vf:m  a  row  i;if  uytf:". 

FAA'i    C»-* 

':'o    -.'"  .  t' 

Of-;' 

,  TK-:-;i      iF    AFTER    ANOTHER    SPACE 

FAA^    DO     16 

"^:-i ; 

DNfl 

SF.TMDZ 

FAA7    C^    DA 

ii-lr! 

f.  Mi- 

»*>L'A 

|£'ratiK    MODE^ 

FAA9    DO    40 

'-1  ;■■ 

BME 

r-.'     '.'MF 

r-AAH    -?!■    -  : 

,   ;     -'.  :  ;■■;•"■' 

■:-:t.'. 

■.-.  ■  ■"■    ■- 

,  KEFF     IT     I'?    brOfVE    'ItT-AII- 

TAAD     A"?     ■'.-■ 

!_  r^^". 

A^L, 

■  »    ■     D<'TE    Tf]    BE    £;rnRf  ■■ 

r-*^Ar-    '^'      ■■■■ 

■;■-■,,,    ■-■, r."'-"-  1 

■:)  r,> 

.  A  31.  '      ' 

t'     '•     IT     TN    r-EMGRV 

i-vo     t:A-    '.-) 

:•  tl 

[TJC 

A  Jl. 

,  Bi>hP    POINTER 

F-rMi     dcj  o;^ 

3.-;  8 

UMF 

Dur'HV 

fviv:-  e:*:  't^ 

32^' 

[rjc 

A3H 

■:..i  ■    ;■'."-'''»■■ 

>,  T  -1 

/.I    (.    1     M'jjfr-     KCIf*          '          i     '      'irAH     M01>L 

:     -,,              - ,   -           J  1 

^  ■,.       r   :r,,[.f. 

,  I'  1 

I  ',-—'<'»' 

,  >■■■:      jr^PUT     CHARA-:.  '  ;:  P 

:    '...'A      i;-- 

,J  ::  J 

C'clV 

f"-^bi"^     C<  '.      '>: 

■=V4 

UOA 

i  tNDUF  '  . 

■  TO    *itT    MODE 

■'J3';    SE  ri^L"! 

STA 

STATE 

i 

i-  -■,■,  ■  -     -■        ■_'  i 

'.-.  ■■\-'    ►'■■'■.  >^!' 

LP  A 

**1 

.-ozA     IJlbK     COWIADr    "■-■    "l-'-M.' 

FAC;:    2': 

::,ij'- 

DFB 

t2C 

.DUMMY    DtT    TO    SKlF    2    li^TES 

F-AC.3    A9    0^ 

.340    WRTE 

LDA 

tt2 

;  SET    DISV^    COMMAND    TO    W«  I TE 

FAr!:    8^    87 

341     SAVrnD 

STA 

IDCMD 

r-'AC    .'       1*'"'        "*'* 

.m;.'  rwi.jOf 

l.OA 

a;l 

F-A(:='     f-'i'     :-j!i 

:i4  !< 

bTA 

i2Di>F 

.  ''t/'.^flAND    FORMAT     I.-: 

F  ,•.-•      .v-   "'"■■ 

?4  i 

LDA 

A1  H 

;    LK-UCKNUMREP  :-■>:■:  r-^-  \- .    "r." -m;!)^^^:" 

F.«;.:.      ■?-      r>^ 

34^) 

STA 

mnuFp*; 

f-Acr    ^■■.'>    'L 

346 

LDX 

A4H 

,  SEND    BLOC'^    .MlJMHLR    VIA    X    ^    A 

FADl     A*?     ^A 

347 

LDA 

A4L 

. 

FAi',-    •;:• 

'J  46 

SEl 

;  NO    INTEPUPTG    WIUIE     IN    ^lONl  TOR 

f-  AI"^               •.!■■» 

349 

J3H 

a LOCK  in 

,  DO    DISKO    r-EVEfv 

FAD7    DO    AA 

350 

DCS 

RWERROR 

>GIVE    UP    IF    ERROR    ENCOtiNTEPrr^ 

FAD9    E6    7A 

351 

INC 

A4L 

.BUMP    BLOCK   NUMBER 

FAIiK    IK>    02 

352 

UNE 

NOVFR 

^-  '.i.:.^    ^^^    -^13 

■i'b'i 

INC 

A4H 

■    ■■>■.'■     [-...■.     /S 

:^*>4    NLlM'i- 

JfJC 

AIM 

I;,  .tip    o-i'"    .-bUHES:-;    Pi     '■  '  .      i.TiL. 

(^AKi    t:6    75 

355 

TMC 

AlH 

t  AtVi    *'0    9B    F9 

3!56 

JSR 

TSTAl 

,-  TEST    FOR    FINISHED 

f-A^.t.    *iO    DF 

357 

DCC 

F7WL00P 

.NOT    DONE-     DO    NEXT    CLOCK 

'-•*.;■  .-.    r^O 

3^R 

'J  TO.. 

f-  AK  V 

359    ■* 

FALVJ 

■3b':- 

'-HN 

liDN^Q 

FAf:9 

1     DUMPO 

EQU 

» 

,  OUTPUT    1    ROW   OF    DYTEB 

FAt£9    A3    75 

2 

LDA 

AlH 

FAKD    35    77 

3 

STA 

ASH 

fAKT'    /.'ii    C"    F*' 

<'! 

jBP 

T'-iTflOWID 

.    PKT    WIDTH    MASK     INTO    AC: 

F^Af-O    OV'    ■'A 

«j 

OR  A 

AIL 

TAF^:  e^  76 

STA 

A::.'L 

FAF4    DO    06 

7 

ONE 

DUMPO 

i  BRANCH    ALWAYS 

VM'fj 

a  *- 

rAF6:  4A 

9    TSTD'.'MP 

LSR 

A 

i  DUMP^ 

f-Al    ''    PO    95 

10    EnPOFM 

K<:^ 

ERROR 
"APPLE 
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91 

92 

r.\e  <■ 

c^^ 

<:  ■? 

I-"  -' 

n 

DUMP 

jsy^ 

T^:Taowip 

.  ^iE"!     FOR    EITHER    BO    0^'     40    -:r:lLU^^j'-. 

^-  >\y : 

AS 

"''4 

i  7 

DUnF'. 

L.DA 

AIL 

,  Ui':c     A4    FOP    ASC  I  I     DJf''-'' 

FAFX 

B5 

7  A 

13 

STA 

A4L 

fUOO 

A5 

7^ 

14 

LDA 

AlH 

fB02 

9*5 

7B 

1^ 

STA 

A4H 

■    L--'--^ 

c.'  0 

Vi3 

I  '. 

JBf 

Tt^TAI 

ihGT    FOR    VALID    RAfJjr. 

f-  l<  ■.■  '' 

UO 

Et 

)  ~ 

Il'^lS 

ERPOR 1 

'    i  -  ■  ■    / 

^■'0 

■.t  i 

f.: 

,  j 

DL"*!''  : 

J5f' 

PRINTAI 

PWir4T    ADDRESS    AND    ^   i-V      .^  ' "!  E 

f'UCC 

L'O 

92 

F- 

1^- 

DUMP. 

JSP 

NXTAl 

ruoF 

LJC 

10 

ir.'C 

BCj;-7 

DUMP ASC 

,  C-rJD    WITH    ASCII 

f-  H  1  1 

H=7 

^4 

;:i 

L.DA 

AU. 

. TEST    END    OF    LINE 

(■■  ;-  •>    ■ 

;'    " 

-.9 

r".-. 

Afvir 

ma:>-, 

.  r-UP    40/00    COLUMN 

'■  ■ '  1  '■ 

;    ,  ; 

;:] 

i'  '.' 

.-■4 

D'JMPl 
DUMP ASC 

r-  I-  1  A 

D'J 

ED 

;>K. 

nwr-. 

DUMP  1 

, BRANCH    ALWAYS 

.-!■'?' 

.'jK 

FA 

•■''  f. 

li'jmp:- 

j?p 

PRAl nYTE 

■  GO    PRINT    NEXT    BYTE    Ar4D    A    SPACE 

F  ;-:  1  f 

T"?' 

fc'B 

''■■ 

HNE 

I1UMP2 

ALWAYS     (ACC    JUST    PULED    AS    *A0 j 

L      Jj  -.  '   1 

A ' 

"V-, 

^  ''', 

n;.r-?K  -■- 

"jv"     ■..(?' A 

A4L 

f-.'ESET    TO    DEGirJlNO    Ck"    l  INt: 

1 .  f •  ; ■  -^ 

?*■' 

"'4 

J    J 

STA 

All 

Ki;,.:': 

A"? 

.^a 

^  i 

LDA 

A4H 

riu:-' 

a-j 

-r  K 

3^ 

GTA 

A3H 

r-:i':<'' 

c!0 

yj 

r-  .■ 

'i:-: 

J"^' 

PPT%r>c 

PRir^r    AN    EXTRA    ^-PACE 

-  ',-"'- 

.-I.- 

7   -^ 

"■1    -i 

A'.-':  I 

1   ■    • 

**'■■ 

10     INDEX    MEMOPt'     iNIMi-v':,T 

:  'f-/ 

>-?':• 

^.-1 

ilWA 

.  •I'ET    NORMAL    VIDEO 

1"    ■■.  JZ'C 

\:  ■- 

AO 

.■^  ' 

<:  Mf^ 

»«A0 

.  TEST    FOR    CONTROL    CH^rvA^LTER^r. 

■  :.  .-,4 

H-;- 

02 

."V'.-i 

BC^^ 

ABC;.' 

.  G^*     TO    PRINT    NGN    CGr.l  fVuLS 

E .  r^    J  ;. 

A-^ 

At 

_JQ 

LDA 

#«ae: 

■  OTHERWISE    PRINT     A    BFA'.  F 

■■'S 

K-. 

4  '. 

.■^■r- 

'.  ^.>  'T 

.  PUV    IT    ri\n 

T     ■       ." 

:: . 

."  ■- 

r   -■ 

1 ' 

;.::fV 

fjt  :-AJ 

■  L-^':'-!'-     BOTH    Al     AND    A4 

r, ,  ■ 

'■■ 

4:- 

LDA 

AIL 

^■^INISHED 
, TEST    END    OF    LINE 

... 

■    J 

44 

AND 

MASI* 

'■■■•' 

■  r? 

4? 

DNF 

ASCI 

.  NOT    DONE.     PRINT    Nt-X  V 

,  ■^■ 

I. ' 

i""'. 

4o 

Asc  :h 

JMP 

CROl'l" 

.;,;., 

4  • 

« 

FB49 

46 

* 

FB49 

FE49 

3R 

49 

50 

* 

-        -  - 

',    INDICATE    80    COLUMNS    OESIPLD 

COLSO' 

SEC 

ri'dA 

AD 

53 

-C 

•^1 

LDA 

»C053 

.  GOTO    80    COLUMN    MfiOt^' 

r  L!-r 

BO' 

04 

5t 

DCS 

SET80 

i  BRANCH    ALWAYS 

FD4K 

53 

■N- 

FB4F 

18 

54 

C0L40 

CLC 

; INDICATE    40    COLUMNS    DhSIFLD 

FB90 

AD 

92 

CO 

55 

LDA 

«C052 

i  GOTO    40    COLUMN    MODE 

r-B?> 

A^ 

6R 

56 

SET  BO 

LDA 

MODES 

t-pV'i 

0- 

.10 

=.7 

OR  A 

#♦40 

,  ASS'. 'Me:    iV. 

r.-|^r. 

H^.■ 

0^ 

v>e 

BC5 

5ET80A 

ANL    UPANUn    1\-     IT    Vi 

FR'i^ 

2^V 

BF 

59 

AND 

MBF 

;BUT    FIX    FOR    40    IF    NCT 

FB'..^n 

85 

68 

60 

3ET80A 

STA 

MODES 

FG-^D 

09 

7F 

61 

OR  A 

»$7F 

i  ISGLAfE    DI T     / 

FHV'^ 

^f? 

AO 

6'cl 

AND 

<t*AO 

;(H:i'     ^    HFtS    NORMAL/  INVERSF  ' 

TR.'.  I 

35 

66 

o3 

STA 

FQRGND 

^■L^:/.J 

BO 

02 

54 

BC5 

!-3f-:T80B 

AGAIN    ASSUMES    B«j    COLUMNS 

Fi3t>? 

A*? 

FO 

65 

LDA 

#»F0 

; IF    NOT,     SET    FOR/ BACKGROUND    COLOR 

Fl-ifcV' 

es 

67 

66 

SET80B 

STA 

BKGND 

FB69 

67 

« 

r  i: ,., '.; 

A*: 

^8 

68 

CLSCHN 

LDA 

LMAPGIN 

, SET    CURSOR    TO    TOP    LEFT    OK    WINDOW 

F-Hr.H 

e.i> 

^C 

CJ"^ 

STA 

Ci-^ 

f"LlcL- 

A": 

•^A 

"■■) 

LDA 

WINTOP 

FB6F 

05 

5D 

71 

STA 

CV 

;NOW    DROP    INTO    CLEAR    END      OF    PACE 

Ffl'l 

72 

■# 

FB71 

A5 

5C 

73 

CLEOP 

LDA 

CH 

, SAVE    CURRENT    CURSOR    POSITION 

t-'n-:s 

4f^ 

■/4 

PHA 

FD  '4 

AS 

50 

75 

LDA 

CV 

F-B^i 

4B 

76 

PHA 

FB"?7 

20 

Dl 

FB 

77 

JSR 

SETCV 

FB  'A 

20 

8E 

FB 

78 

CLEOPl 

JSR 

CLEOL 

, CLEAR    TO    END    OF    FIRST    LINE 

FB7D 

A5 

58 

79 

LDA 

LMARGIN 

FB-r 

Q5 

5C 

80 

STA 

CH 

hl?ril 

.:o 

C=9 

FB 

81 

JSR 

CURDOUN 
"APPLE 

, GOTO    NEXT    LINE 
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FBd4 

90 

F4 

32 

bCC 

CLEQPl 

FQ86: 

he 

83 

PLA 

FB87: 

Ae 

84 

TAY 

FB9B 

66 

85 

PLA 

.RESTORE   CURSOR    POSITION 

ri389 

8*3 

5C 

86 

STA 

CH 

FBSQ 

98 

87 

TYA 

,  GET    OLD    CV    IN    ACC    Ai^AItJ 

F-Bnr 

PO 

23 

88 

OCS 

SETCV 

, BRANCH    ALWAYS 

FBSE 

89    * 

FB8E 

A5 

5C 

90    CLEOL 

L  DA 

CH 

i CLEAR    TO    END    OF    LINE    FIRST 

FD'^O 

4C 

89   FC 

91 

JMP 

CLEOL 1 

FB'n 

92    * 

fH'3 

C9 

80 

93    CONTROI- 

CMP 

#«80 

F-'R^f' 

=^0 

65 

VJ 

ncc 

DISPLAYS 

, IP     INVERSE 

FB9  7 

C9 

8D 

95    TSTCR 

CMP 

*»«8D 

i  IF    CARRAOE    RETURN    THEN    NEW    LINE 

FB99 

DO 

3A 

96 

BNE 

TSTBACK 

FB9B 

20 

8E    FB 

97    CARr^AGE 

JSP 

CLEOL 

.FIRST    CLEAR    TO    THE    END    OF    THI3   LINE 

rB^r 

2  (J 

C3    FB 

'^e 

.'SR 

H-LTCHZ 

■  RC5tT    CURSOR    AND    GOTtD    NEXT    LINE     (CARRY 

FBAl 

4'" 

?^?    FC 

^9 

■MP 

NXTL  IN 

, THEN    GOTO    THE    NKXT    LINE.                          IS    SET) 

r''.A4 

100    • 

FBA4 

lOl    * 

FiSA** 

AS 

3D 

102    CURUP 

L.DA 

CV 

,  TEST    FDR    TOP    OF    SCREEM 

FDA6 

C6 

5D 

103 

DEC 

CV 

.ANTICIPATE     'NOT'    TOP 

i-BAS 

C5 

5A 

104 

(.MP 

UlNTOP 

FRAA 

DO 

Oc: 

105 

UNE 

CURUP I 

,      IT'S    NOT    TOP.     CONTINUE 

FBAC 

A9 

bh 

106 

LDA 

UlNBTIi 

i  biRAP    AROUND    TO   BOTTOM 

FBAE 

38 

107 

CURUP 1 

^c 

'  DECRei1g.NT    BY   QNC 

FDAF 

E9 

01 

loa 

sn- 

**-E  ■ 

r-DHl 

8S 

?r 

1  •::■'■ 

^•t.  I"  - 

ST^ 

.   riAVt:    NEW    VERTICAL    L  UJb 

f-13Ei3 

i  I  ■:■ 

Ur^.     -:. 

'■■   '■. 

FBB3 

11  I 

C'.iRDNl 

EOP 

^ 

FBB3 

A5 

50 

1  u 

t/i.'. 

:v 

, GET    VALUES    FOR    FIRST    PAGE     C»400l 

FMWy 

10 

4h 

U'T 

B^:.. 

1?A-jCALC] 

. ALWAYS 

FBB7 

;  1  4 

^ 

'■i3riV 

^'4 

6*-^ 

,   ■  - 

•■^'^■  !■> 

■•'■      [>':      3 

.  JETjT    FOP    SO    OR    40 

ri3E7 

7ij 

0  i! 

;   ;  . 

i      L     -Hf    1 

KDB3 

^6 

■5C 

ir^ 

!■  ^* 

-H 

FI3BD 

E6 

"r^C 

1  Ic? 

PI. -.Ml  . 

1  -   '. 

'.H 

,  DU>1P    CUROSR    HORIZONVAL 

FPBF 

A5 

5C 

I J  '- 

L     _ 

'_H 

. TbST    FOR    NEW    LINK 

FBC  1 

C'.> 

r-"- 

L_   ■ 

;'-!- 

^•■.  ■■:.:'» 

Fi3(::3 

A-: 

?B 

:;:i 

reT^  ^.- 

I  ;■,.-, 

:    i^;.'.'"  '".  1  N 

.  J'J-jT     in    CASii    we    HAVE 

FHC5 

90 

*".  \  \ 

tc-i: 

•  ■     (    H'         I'-'      '. 

FBC  7 

85 

vC 

1^3 

SETCVH 

:-3TA 

.CURSOR    AT    START    OF    NEXT    LINE 

F'BC9 

;  -^A 

•  DF  iF 

iNT.I 

'  .■-;.  ,.a:^   FOR    WRAP    AROUND                                                                                         | 

Fnc9 

i  _  ''. 

ti 

r  nc^ 

L6 

^'i-' 

c, 

.      :'■'";■  M-JI;     Uj 

.  r'^iVK    CURSOR    D'iMi    OHK    L  INE 

FHC  [i 

At* 

-*■!■ 

■  ,  ■ 

L.'i-" 

; 

.-.riTiCIPATE-^    rJCJT    t-OTTOM 

f-UCD 

--.  .- 

■ :  < 

I  '  V  !"-■ 

Uir^RTM 

.   TEbT    FOP    KOTTOM 

Fn^r 

^/■■. 

t".;j 

i  t.  ^• 

DCC 

CURDNl 

PBD1 

f\ 'i 

t,^ 

1  20 

I.  DA 

W I NT OP 

FBD:i 

:-" 

f'C 

!  :y. 

BCS 

SETCV 

, BRANCH    ALWAYS 

■:  u 

V   ..'     '■ 

:■.■■•,   .■-'," 

1-     ^MP 

#*e« 

.  r:A^>-i:PACI--  '' 

rno- 

0  ■ 

■;  '^' 

■  '^i* 

r.i'Nr 

TsroM.L 

FP09 

^'4 

'sE^ 

13? 

CUPLLF 

1     BIT 

MODES 

, TEST    FOR    FORTY    OR    EIGHTY    MODE 

ri5i,'0 

OP. 

I  J6 

DVS 

,_.;rrrBO 

r-Br)D 

>:a 

"JC 

137 

DEC 

c.y 

r'rr'K 

*",  l"" 

'.  Ji< 

L(£f   r-SC 

'.'t:  f 

CH 

F!rc-:i 

?■'.■ 

"-'O 

•       ilV 

HMT 

Lti'^'n.i' 

f-r<E-:-- 

m\ 

^■ 

!  4'" 

I. DA 

CH 

;  Te:5T    FOR    WRAP    APGIJNP 

FDK'; 

"   l: 

"38 

141 

CMP 

LMARCIN 

FHC-:7 

10 

3B 

142 

HP  I. 

CTRLRET 

E-iJ,.-^ 

rIO 

A4 

FD 

14J 

LEFTUP 

JSR 

CURUP 

r  -.^L-x 

A^ 

^'9 

1  44 

I  DA 

RriAr-GTK 

1- 1  r-  [■ 

'-?'■ 

^•r 

1  4^'. 

■■>TA 

r  f^ 

, ''■;av9:  new  CLJM^iDh'  pai;nirN 

^■r,!.-,;, 

^,  i" 

[■"  ' 

1  4a 

lU^T 

':'JRLEFT 

KRANTH    ALWA",'G 

f--nr--s 

14-' 

ft 

FFtF;.- 

kl  '"^ 

AO 

148 

COVTk 

CMP 

#tAO 

. Ift    IT    CONTROL    CHARACTER 

FBF4 

-^0 

9D 

149 

3C0 

CONTROL 

1-  nr-. 

c'Lh 

1-3 

i"?':- 

BIT 

M.jr'K-5 

.  TKST    FOR     INVE^VHE: 

y^if^^ 

J!'* 

"'•? 

i  '>  1 

BMJ 

D  rSFt.Ayx 

, NO    PUT     I T    OUT 
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"r 

1 1-  ^-, 

ANO 

**f' 'f 

'■'i^i'^    MI    Qir 

rUi  r 

JO 

VD 

r( 

1''- 

DlSPl  A-. 

X    JSH 

DISPLAY 

•■  :;r--r" 

IS4 

•■ 

i   l-fT- 

::  J 

BT 

TL; 

J  ^^ 

INt  Hi'ifV." 

JSH 

C'-'RIbiHT 

..  MOVt:    CUkSDR    RIGHT 

.^,r 

1  '■' 

:  ;* 

ri   Ifj 

f  r  .-. 

'jrvv:LL 

r^'S  BOTTOM     Rr^;r:r  ch^-v  ano  ifCPOLL 

1  '-; 

OA 

t'^'-iI.- 

1    ^'MP 

CAl.^     DASI-:    ADR     IN    BA34L,.  H 

r 

1  'rf? 

PHA 

r  ' 

It  1 

L.'iH 

A 

,  f  UP    OWtN    L  IHE    NO. 

' 

1-s:: 

AND 

#»03 

-  0  .>«LINE:    no,   ^-•17 

,.  ■     . 

4 

I  r,:i 

OH  A 

tt*04 

, ARG^OOOABCDE-     OfcNERATE 

hCOC 

as 

5F 

164 

STA 

BAS4H 

i  BAS4H>i000001CD 

49 

■'■■ '..', 

OC 

...  1 

165 

1  t.<r. 

STA 
PL  A 

EAS9H 

,  AND 

'  :  ]  -; 

;■  ■■; 

]L-; 

le^f-i 

AND 

«»ltf- 

,  BAS^vU  -EABAEOGO 

f  .:  1  'b 

vO 

07. 

)o^ 

BCC 

BSCLC2 

i   ■  1  7 

t9 

rr 

170 

ADC 

«*7F 

L-..     l<? 

8'j 

5E 

171 

BSCLC2 

STA 

EAS4L 

■       !  ^ 

*■  -^ 

1  ^'.j 

ASL 
ASL 

A 
A 

'    ■'    I '"' 

'". '  V 

•■li:- 

1   '4 

QRA 

i?Ay4i. 

y-:  1" 

Ki': 

5t-: 

1^5 

STA 

DAS4L 

' '  1  ■  ,C'  ! 

B'.- 

rjO 

176 

STA 

13AS8L 

. SAME    FOR    PAGE    ? 

-    ...» 

^"d 

177 

1  "ti 

* 

.  h^tVT 

PLP 

.  '-3A\'t.    ^.HARA^^t^^ 

f : ::  -. 

H'h 

teD 

131 

STY 

TEMPY 

f-c:.::E-. 

'.'  ^.■ 

r-C 

182 

STX 

t[:mpx 

r  ■'::■■  A 

^■:C 

3J 

FC 

1^3 

-.I5R 

■:i:i)Ti 

'  ■.,'!■ 

A  a 

■lD 

I  "^  ■J 

L.Dt 

rrripv 

.'  ■ '.  - 

A.-. 

■•:>•! 

;  ri.-. 

Pi  A 

TFI-iPi 

'  1.1*.-' 

rt." 

187 

RTS 

F-:33 

188 

♦ 

■  F-T'.3;i 

^."■: 

fiV. 

00 

CO" 

jTl 

JMP 

CC5WL) 

,  NORMALLY    COUTl 

y-  -  v_ 

0  9 

K-" 

1   •  1 

r''j 

'PflL    L. 

OMP 

i»»a7 

,  BELL" 

^■  .  y-f 

vc 

;  r; 

I  ^y<-'. 

BNK 

l.NFD 

.■  N(l    TEST    FOR    l^'ORM    FEKD 

t-C3*\ 

iQ^. 

* 

FCZ-iA 

AP 

to 

1«?4 

fltl.L 

LDK 

#»10 

^■C3C 

8A 

y^^ 

TXA 

^-■c:30 

A.=-: 

\  ■■•^ 

HF! 

1.  t 

TAY 

f- .'  "-::■ 

:  V: 

r ' 

!  '■'  ■' 

yet 

.  L  c' 

H  ]■  -1 

»FFDe 

I*    .» ; 

r  ■_ 

'■ ;-. 

1  f";:  ■:"' 

DCa 

DfcX  ■.,,■' 

r-c-n 

":■•■ 

t>H 

r-'F-- 

19^ 

DEI 

.L3 

BIT 

»FFD8 

V  '  ''».:. 

00 

FP 

::?oo 

DNF 

SE1,L3 

.     1-  : 

•cM 

''  J 

r?Cl 

TNF 

EL    ,  ;,: 

'♦1 

■''■'. 

J*'!' 

C  ■  '■ 

.V"'^ 

f'  ■  ^ 

■i.rc--jO 

r    .      ,1; 

C-">.. 

'•■■.14 

i  1. 

K''.  *>f" 

DO 

CO 

r^OT 

erjt-- 

Pb_;.i 

f  '.  ?  3 

vSO 

■".  ;. . 

HTC-. 

r-  c  *?  •■ 

-.1 

r-.':'. 

.- 

'  ■' 

^*5A 
rTRLRET 

iLiNE  feed: 

(.  -  ^■■ 

' 

JSP 

■■-  uwnowN 

-MOVE    CURSOR    DOWN   A   LINE 

^'■.  '.It? 

-.-  !  t 

BCC 

CTRLRET 

i BRANCH    IF    NO    SCROLL    NECESSARY 

f't'" 

■•(  .< 

■,'.  .'  J 

-'.'Wo.-L 

LDA 

WINTOP 

i START    WITH    TOP    LINE 

•  ■  - 1-  '.- 

■1 . 

J- 

1  ■  - 

PHA 
JSP 

^KTCV 

: SAVE    IT   FOR    NOW 

i GET    BASCALC    FOR    THIP    LINE 

-.    . 

- 

'  ^ 

':. ; 

.  n> 

#1 

■MOVE    CURRENT    DASCALC    AS    DESTINATION 

r\     . 

.-    1   • 

V.f^t^ 

:.DA 

BAS4L,  X 

r'  '  - 

LM-7 

islA 
DEX 

nPL 

TBAS4L, X 
SCRL2 

.  (TEMPORARY    BAJ^E    ADDR.   ) 

,■"  ."> " 

PLA 

"APPLE 

i GET    DESTINATION    LINE 
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97 

98 

FC6t:  !• 

aaa 

CLC 

■ 

FCAC:*9   01 

223 

ADC 

«i 

'CALCyi^ATE   5PUR^E   WlIC 

FC^   C9   9& 

234 

CMF 

WINDTM 

i  IS    IT    THE    LAST    LINE? 

FC70    DO    l*? 

225 

OCG 

LASTLN 

,YES,     CLEAR     IT 

FC^^    4H 

226 

PHh 

, SAVE    AS    NEXT    DESTINATION    I  INE 

FC73: 20    Bl    FB 

227 

JSR 

GFTCV 

GET    BASE    ADDRFOR    SOURCE    LINE 

FC76    A9    59 

226 

LDA 

RMAROUJ 

MOVE    SOURCE    TO    DESTINATION 

FC78    4A 

229 

LSR 

A 

i  DIVIDE    BY    2 

rr79    AH 

230 

7AV 

rC7A    88 

231     SCWL.3 

DEV 

.  DONE    YET-' 

F  ''   ^0     JO    fc:4 

r-'i*:-' 

ttn! 

'■-■'■■Ri.  1 

,  YE-:b-    DO  NE^  r  L  UJL': 

FC7D    Bl    5E 

?.:i3 

L.OA 

< BAS4L). Y 

FC7F    91    62 

234 

STA 

f TBAS4L). Y 

f-CUl    Bl    60 

235 

LDA 

CUASBDi  Y 

; MOVE    BOTH    PAGES 

:  .^^'S    «1     64 

23.-- 

5T  M 

1  HA=l>dL  )  .  Y 

f-T  '.■!'■     ^/O     ^3 

ci  .i  y 

HC-: 

^■i.-PL   3 

,  BRANCH    ALIJAV? 

F  ..a;    A?    -ss 

2:^e  L 

a.r:;T...rj 

i.  n/\ 

[/■^-.PG  !.:i 

DLANK    FILL    THH    LAiT    L    IfJE 

FC99    4A 

239    CLEOLl 

LSR 

A 

, DIVIDE    DY    2 

FC8A    AS 

240 

TAY 

FC8B: BO    04 

241 

BCS 

CLE0L2 

f(:^30    A^    66 

:-'?42 

1    HA 

KORGND 

.   <  NORMALLY    A    SPA«:E  • 

r--K:r    9  1    ^f-: 

cM  B 

':.  TA 

HAb4Ll .   Y 

f:/':   a'j  67 

;:4-i   ; 

-.E-.01.2 

1    UA 

■■n^:-nD 

(If-     80    COLUMNS.      AL.SO    A    l-:P-/-:. 

FCn    9t     60 

245 

r.TA 

( BASSL  > .  Y 

FC95    Cfi 

246 

INV 

Fr96    98 

247 

TyA 

i  TEST    FOR    END    OF    LINF 

r-/-'  OA 

rV'^-J 

A-JL. 

A 

, MULT    BY    2    AGAIN 

F.rB    C^    59 

24  V 

k:  r-ir 

fj^.-f^:;  i  '1 

I-C9A.  ^0    ED 

;;*o 

B'"  ^: 

liXOlA 

,  cfiurrNUF    IF  MORE  t:i  !'•:■ 

FC9C    60 

251 

HT?, 

i  ALL    DONE. 

Ft9D 

252    ♦ 

(•^=^0    24    68 

253    DISPtAY 

Bjr 

MC'iDi':^ 

, TEST    FDR    40    OR    80 

F-:  -F-     :'C   oc 

k'j4 

B'-C-. 

[^-.^L^^■ 

i  GTORC-:    THE    SINC.1,,E    CHARA.■Tt^^     AND    rvf-irr.-RN 

f'"Al    Ah    ^C 

1-7  ■*>  '■ 

:    Vjf^' 

■  ,  1 

,  lh'.:UPE    PROPER    40    COi.JMN    C.     LA; 

rCA3    06    1>C 

;-?5fr 

Ai-I. 

L^'l 

- UY    DROPPING    DIT    0 

FCA5    20    AD    FC 

25? 

JSR 

D.^jPLBO 

, DISPLAY     IN    «400    PAGE, 

FCAS, A5    67 

25f? 

LDA 

BKOND 

i  AL  30    SET    BACHGHGUND    COLDR 

FCAA    91    60' 

259    D 

SPRKGfJr'    STA 

M^AEeLK  Y 

' 

F^A-:    60 

^60 

R  rs 

rcAO 

2c^  I     ft 

re AH    AS 

;=:i)2   ri 

^.^LBO 

pha 

,  PStSFRVE    CMAPAC'^FR 

FCAE    A3    5C 

263 

LDA 

CH 

. DETERMINE    WICH   PAGE 

FCBO: 4A 

264 

lSP 

A 

FCBl    A8 

265 

TAY 

FCnS    68 

r'66 

OLA 

FCU?    BCi    F^'5 

267 

bcr; 

DE^PHKGMI) 

,  RRArjCH    IF    SSC'C'    P.'.Or. 

F-CP5    9t     5E 

266 

jTA 

(nAr:'4L  '  ■  V 

FCB7.60 

269 

RTf3 

FCDS 

270   * 

FCB8   Bl    7E 

271    NOTCtV 

LDA 

( [NBUF) , Y 

iECHD    CHAPACTER 

FCBA   no    25   f 

'■: 

272 

JSR 

cauT 

FCKP   C9    8Q 

273 

■:mp 

**«88 

,  BACtfSP.vrr-:" 

FCDF    P'O    ID 

274 

Ou^'i 

QK-spce 

FCCl    C9    98 

275 

CMP 

««98 

,  CArKCL"' 

Fcc:r  Fo  08 

27o 

i  j  (•;  ij 

CANCEL 

KCCS   E6   80 

277 

tNC 

TEMP 

FCCV    A!>    SO 

278 

■   DA 

TEMP 

FCC9    C'    'jO 

279 

■::np 

tlNBUFLFN 

FCCB: DC    17 

260 

BmC       NXTCHAR 

, NO    WRAP    AROUND    ALLOUED. 

FCCr>:A9    DC 

2^1 

CANCE-IL      LDA      tt»DC 

;  OUTPL'T    DACKSLASH 

FCCF    20    25 

FC 

28r: 

JSR      COUT 

fcd;;:  20  t:F 

FC; 

283 

JSR       CROUT 

FCDS, 

284 

OETLNZ       E:QU      * 

FCDS:  A5   6B 

285 

QETLN 

LDA      PfKiriPT 

FCD7:20    25 

rc 

286 

JSR       CDUT 

FCDA; AO   01 

287 

LDY      #1 

F0DC:G4   80 

288 

ETY       TEMP 

; START    AT    BEGINNING   OF    INBUF 

FCDK;A4   80 

289 

BKfiPC 

E      LDY      TEMP 

FCEO: FO   F3 

290 

ceo      Gt-TLN 

FCE2:C6   80 

29 1 

DEC      TEMP 

iBACK   UP    INPUT    DUFFER 

FCE4: 20   60 

FD 

292 

NXTCHAR    JSR      RDCHAR 

;CET    INPUT 

FCE7;  A4   80 

293 

LDY      TEMP 

"APPLE 
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99 

100 

FCE9;91 

7E 

294 

STA 

<  INtJUF).  Y 

FCHB: C9 

BD 

295 

CMP 

»«8D 

FCKDiDO 

C9 

296 

BNE 

NOTCR 

FCEF 

297 

CROUT 

EQU 

♦ 

FCEF: ac 

UO 

C?      298 

BIT 

KBD 

; TEST    FOR    START/STOP 

FCF2: 10 

13 

r/9-V 

BPL 

NOSTOP 

FCF4: 20 

2t- 

FD       300 

J-'P 

KEYIN3 

i READ    KBD 

FCF7    C? 

AO 

301 

CtiP 

tt?AO 

i  IS     IT    A    SPACE? 

FCF9: FO 

07 

302 

BEO 

5T0PLST 

YES.     PAUSE    TIL    NEXT    KEYPRESS 

FCFB: C9 

8D 

303 

CM'" 

#»8D 

iQUIT    THIS    OPERATION? 

FCFD: DO 

08 

304 

T  ■  '  ;  T- 

NGSTOP             ; 

MO.      IGNORE   THIS   KEY 

FCFF    4C 

8B 

FA      305 

J  MP 

£rruP2 

i YES.     RESTART 

FD02    AD 

00 

C  0       306 

STOPLSl 

L  ij  A 

v.'Cij 

FD05'  10 

KB 

307 

BPL 

SToPLST 

FD07    A9 

SD 

308 

NOSTOP 

LDA 

^tPD 

FD09- 4C 

25 

FC       309 

JMP 

CUUT 

Fnoc . 

310 

«■ 

FDOC. 6C 

70 

00      311 

RDKEY 

JMP 

(KSWL) 

FDOF: 

312 

» 

FDOF; A9 

7F 

333 

KEYjrJ 

LDA 

#*7P 

MAKE    c^ui^T-;    rUibT     13    CUKbUR 

FDll    85 

63 

314 

STA 

TBAS4H 

FD13:  20 

88 

FD      315 

JSR 

PICK 

GO    READ    SCREEN 

FD16: 48 

316 

KEY  INI 

PHA 

SAVE    '".iiP    AT    CJF.-CR    r'^IITICN 

FD3  7:20 

35 

FD       317 

JSR 

KEYWAIT 

TEST    FOR    KEYPRESS 

FDJA:  BO 

08 

318 

DCS 

KEYINa 

GO    S-E1     IT 

FDIC- A5 

69 

319 

LDA 

CURSOR            iGIVr    THE?'    '^^.    •,inDF:rSCORE   FOR    A    TIME                               1 

FDIE: 20 

9D 

FC       320 

JSR 

DISPLAY 

fd;:i:20 

35 

FD       321 

JSF^ 

KEYWAIT 

00  -ivEE    :f  KEYPRESSED 

FD24.  68 

322 

KEY INS 

PLA 

FDP.^    08 

323 

PHP 

i  SAVE    KEYPRESS    'STATUS                                                                      | 

FDa:6    HO 

324 

PHA 

FD27:20 

9D 

FC       32  5 

JSR 

DISPLAY 

FD2A :  6>J 

326 

PLA 

FD2B. 28 

327 

PLP 

FD2C: 90 

E8 

328 

BCC 

KEYINl 

FD2F: AD 

00 

CO      3?9 

KFyiN3 

I.  DA 

KHD 

READ    KEYBOARD 

FDSl : 2C 

10 

CO      330 

;..-r\ 

J  NO. 

r-iiT 

KHDSTR3 

CLEAR    KEYBOARD    STROPE 

FD:54.  60 

331 

WT^ 

flC'J:  E-:6 

62 

332 

KEY 

>if>  T  T 

T  K  ,.' 

TLAS4L 

JUST    KEEP    COUhiTtNG 

FD37    DO 

09 

333 

f:'  'f 

KWAIT2 

FD3<?    E6 

63 

334 

J;-.' 

TBA?*iH 

FD3B    A^> 

7F 

335 

LDA 

*ft7r                    i 

TEST    FOR    DONE 

FD?a:'.  IK 

336 

CLC 

rD3E:    r?5 

63 

337 

AND 

T0AS4H 

FD40: FO    09 

336 

BEQ 

KEYIieT               ;  RCTUHN    IF    TIMED    OUT                                                                                                          | 

FD4a:0e    00    CO       339    KWAIT2 

ASL 

KBD 

rn4?    90    EK 

340 

DCC 

KEYWAIT 

Fn4?    6C' 

341    KE- 

■REI 

RfS 

rD4a 

34£    ♦ 

FD48 

343    » 

FD48 

344    E5C3 

tQU 

* 

FD48    20    77    FD       345 

JSR 

GOESC 

rr;TR    a^s   68 

346    ES' 

;ape 

I..DA 

MODES                  '5fc !     TO 

+    f.aCiM    HJH     CJ"^'  ■  ■^"     >••   ■/;  -: 

f-n^'O   29   bO 

347 

AND 

•«80 

f  nif-    49    A13 

348 

EOR 

tt«AO 

FD^l    8i    69 

349 

STA 

CURSOR 

FD53:20    OC    FD       350    ESCl 

JSR 

RDKEY                  ; READ    NEXT    CHARACTER                                                                                                          | 

KD56. AO    08 

351 

LDY 

#8 

.  TEST   FOR    ESCAPE    COmK^hD                                                                                       1 

i-P^8    D9    FO    FF       3^;:    ESC? 

CMP 

ESCTABL- Y 

Fn-JD    FO    EB 

353 

OEQ 

ESC  3 

Fl'^D    B8 

354 

DEY 

FD5E    10    F9 

355 

BPL 

ESCZ 

.  LUGP    TIL    FOUND    uR    DtU,;!-:                                                                                                  | 

Fl)60 

356    » 

FL)60    A9    BO 

357    RDCHAR 

LDA 

»»80 

;C0    READ    A    CHARACTER                                                                                                          1 

FD:.>;-:    25    68 

358 

AND 

MODES 

rn,'..4    85    69 

359 

STA 

CURSOR                 .SAVE    STANDARD    CORaOF                                                                                                                 | 

F'J66    20    GC    FD       360 

JSR 

RDKEY 

Fn69: C9    90 

361 

CMP 

#»9B 

i ESCAPE   CHARACTER                                                                                                          1 

FD6D    FO    DE 

362 

BEQ 

ESCAPE 

FD6D    C9    93 

363 

CMP 

#»95 

;  FORWARD    COPY"'                                                                                                                           1 

FD6F    r;0    D6 

364 

ONE 

KEYRET 

FD71     2C    88    FD       :)65 

JSR 

PICt* 

i  QET    CHARACTER    FROH    SCRELU- 
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97 

98 

FC6B    !• 

asB 

CLC 

■ 

FC6C:«f   01 

233 

ADC 

»i 

>  CALCULATE   aOUFiCE   1.I.NC 

FC6E   C9   5ii 

224 

CHF- 

WINDTM 

; IS    IT    THE    LAST    LINE? 

FC70    DO    15 

2i5 

uc'-^ 

LASTLN 

, YES,     CLEAR     IT 

FC7^    4h 

226 

PHm 

, RAVE    AS    NEXT    DESTINATION    t  IME 

FC73:20    Bl    FB 

227 

JSH 

5FTCV 

GET    BASE    ADDR    FOR    SOURCE    LINE 

FC76    AS    S9 

22B 

LDA 

RMARGIN 

MOVE    SOURCE    TO    DESTINATION 

FC78.  4A 

229 

LSR 

A 

iDIVlDE    BY    2 

TT  79    A8 

Z30 

7AY 

FX.'A    88 

T.3\     SCKL-J 

DEr 

. DONE    YET- 

F  ^  •"«    JO   t:4 

r''X-' 

Hn! 

'-■■'■  9.1.  1 

,  YFS.    DO  FJExr  L  irn: 

FC7n  Bl   se 

?.'J3 

LDA 

i  BAS4L) .  Y 

FC7F    91    62 

234 

STA 

<  TBAS4L).  Y 

f-CUl:  Bl    60 

235 

LDA 

(UA^jBL).  Y 

; MOVE    BOTH    PAGES 

■'   .  ^^'-i    «1     64 

23^ 

3T  ^ 

1  BA^ihiL  >  .  Y 

f-T  ^.J--    VO    P3 

c'  J  ^ 

ucr 

S"iJL.J 

,  SRANCH    ALUAy<r; 

F  ^.8-'    A-^    -58 

^-^O    L 

Ar:T,..N 

I  PA 

L'■^^^?0  !.:i 

DLANK    FILL    THF.    LA^T    L    irJt 

FCS9    4 A 

239    CLEOLl 

LSR 

A 

-,  DIVIDE    BY    2 

FC8A    AS 

240 

TAY 

FC8B: SO    04 

241 

QCS 

CLE0L2 

FC^O    AS    66 

;-M2 

LHA 

FORGMD 

. (NORMALLY    A    SPAlE ' 

f-yif  91   ^e-: 

cM  J 

■-■  TA 

■ BAS4L1 . Y 

F:/M     A'j    67 

;j4-t   : 

LFOL.^: 

1    UA 

Mk  ^fJD 

(IF    80    COLUMNS-     ALSO    A    :-,P-'/' T 

hX^n    91    60 

245 

r.TA 

f  HASBL 1 . Y 

FC95    C8 

246 

IN/ 

rr96    98 

247 

TyA 

i TEST    FOR    END    OF    LINE 

F'.'^  .*    OA 

.:-v-i 

A-ji.. 

« 

, MULT    BY    2    AGAIN 

F.rS    C^    59 

c.'4V 

C  f-IF-- 

!■■>  r ,-  ?^  G  ;  ■  i 

i-C9A.  90    EL) 

J:  ^  -^ 

B>;  V 

:  L.FC'Ll 

,  LTirjTINUE.     IF    MORE    TO    ['•.■ 

FC9C    60 

iiSl 

F*T5 

;  ALL    DONE. 

FC9D 

252    » 

f-C9D    24    68 

253    DISPLAY 

BIT 

MODfc'G 

, TEST    FOR    40    OR    80 

F-:  'f-     :'C    oc 

k^4 

B'-C:. 

!^-.Fl  c.' 

i  CTfiPE    THF    SINC-H,,E    ^MA^<A.Tt-^-     Ar-jp    f^ET'.'RN' 

F'-Al     AH    5C 

Iv  "^  '' 

:   r.F 

■  ■  1 

,   iN'.rURE    PROPER    40    CO'.ijMrj    C  '   .     UA : 

fca;.i  06  -jc 

:-?5fr 

Ai^l, 

CH 

, UY    DROPPING    DIT    0 

FCA3. 20    AD    FC 

257 

JStt 

DS-3PLB0 

.DISPLAY     IN    *400    PAGE, 

FCA8. A5    67 

25fT 

LDA 

BKOND 

lALSO    SET    BACIAGHOUND    COLOF 

FCAA    91     60' 

25*"/    D 

SPnKGr4r'  sta 

MiASSLi.  Y 

- 

Fi-A'T    60   ■ 

r.hO 

Rr-j 

FCAO 

2M     » 

rCAD     IB 

:id.2    [' 

=..*^L!:^0 

PHA 

,  PSESERVE    CHAPAC""ER 

FCAF    A3    5C 

263 

LDA 

CM 

.DETERMINE    WICK   PAGE 

FCBO: 4A 

264 

lSP 

A 

FCBl    A8 

265 

TAY 

FCn2    68 

;i66 

OL.A 

FCU'3    HO    ^'5 

267 

bcr; 

DSPHKCNI) 

,  BRArjCH    IF    »300    P.'.Of 

f-CP?    91     5E 

26d 

liTA 

(BArz:4L»,  Y 

FCB7. 60 

269 

RTf3 

FCDS 

270   » 

FCBB    Bl    7E 

271    NOTCH 

l.DA 

( INBUF) . Y 

iECHO    CHAPACTEts 

FCQA    iO   25   f: 

272 

JSR 

c  our 

Fcyn  C9  ea 

27? 

■:Mn 

#»88 

.  BACKUP A<'  E' 

FCDF    FO    ID 

274 

dCJ'i 

BH.SPCe 

FCCl    C    ^JB 

27«5 

OMP 

#•98 

.CANCEL-' 

FCCH    FO    09 

27a 

HKCi 

CANCEL 

FCC 3   E6   80 

277 

INC 

TEMP 

FCCV    Ali    SO 

aze 

L  DA 

TEMF 

FCC9    C^'    ':;'.i 

279 

■::rip 

**1NBUFLFN 

FCCB; DO    17 

230 

BNK       NXTCHAR 

, NO    WRAP    AROUND    ALLOWED. 

FCCD: AV    DC 

P.tiX 

CANCt-X       LDA      #«DC 

;OUTFL'T    BACKSLASH 

FCCF    T,0    SS 

FC 

ZB'r: 

JSR       COUT 

FCDS: 20    hF 

FC 

283 

JSR       CROUT 

FCDS, 

2B4 

GETLNZ       EIGU      * 

FCDS; A5   6B 

285 

OETLN 

LDA      PrUiJ-tPT 

FCD7: 20    25 

FC 

286 

JSR       COUT 

FCDA; AO   01 

287 

LDY      #1 

rCDC;84   80 

286 

CTV       TEMP 

i START    AT    BEGINNINO    OF    INBUF 

FODE; A4   80 

289 

BK^PC 

E      LDY      TEMP 

FCEO: FO    F3 

290 

Bl 

0      GKTLN 

FCE2: C6   80 

291 

DEC       TEMP 

iBACK    UP    INPUT    DUFFER 

FCE4: 20   60 

FD 

292 

NXTCHAR    JSR      RDCWAR 

;GET    INPUT 

FCE7: A4    80 

293 

LDY      TEMP 
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99 

100 

FCE9;91    7E 

294 

STA 

vINBUF).  Y 

FCKB: C9    BD 

295 

CMP 

#*8D 

FCt:D;  DO    C9 

296 

BNE 

NOTCR 

FCEF 

297 

CRDUT 

EQU 

» 

FCEF;aC    OO 

Cr^      393 

BIT 

KBD 

;  TEST    FDR    START/STOP 

FCF2: 10    13 

kT-V 

DPL 

NQSTOP 

FCF4: 20    Sf 

FD       300 

J?P 

KEYIN3 

i  READ    KBD 

rcpv  c?  AC 

301 

CMP 

*i$AO 

i IS     IT    A    SPACE? 

FCF9    FO    07 

^02 

QEQ 

GTOPLST 

YES,     PAUSE    TIL    NEXT    KEYPRESS 

FCFB: C9    8D 

303 

ct-ir- 

#*aD 

iQUIT    THIS    OPERATION? 

FCFD: DO    08 

304 

:  ■^■^■ 

NOSTOP             ; 

NO.     IGNORE    THIS   KEY 

FCFF: 4C    SB 

FA       305 

jr^p 

Z.'r\-\-P.2 

, YES.     RESTART 

FD02    AD    00 

CO       306 

ST0PLS7 

LiJA 

t'.Drj 

FD05-  10    FB 

307 

BPL 

"TOP L ST 

FD07    A9    SD 

308 

NOSTOP 

LDA 

*frrD 

FD09- 4C    25 

FC       309 

JMP 

CUUT 

FDOC . 

310 

# 

FDOC. 6C    70 

00      311 

RDKEY 

JMP 

(KSWL) 

FDOF: 

312 

■«■ 

FDOF; A9    7F 

313 

KEY 

ti 

LDA 

#«7F 

MAKE    FUF-T.    FlR'jiT     13    CUHSUR 

FDll    85    63 

314 

STA 

TBAS4H 

FD13: 20    88 

FD      315 

JSR 

PICK 

GO    READ    SCREEN 

FD16: 48 

316 

I^.EYINl 

PHA 

SAVE    '"HP    AT    CJP"CR    r-.-J^ITION 

FD37: 20    35 

FD       317 

JSR 

KEY WAIT 

TECT    FOR    KEYPRESS 

FDIA: GO    08 

318 

BCS 

KEYIN2 

GO    5L1      IT 

FDIC    A5    69 

319 

LDA 

CURSOR            ; 

3IVE    THE!^^    .v^.    '.iNDFRSCORE    FOP    A    TIME 

FD1E:20    9D 

Fr       320 

JSR 

DISPLAY 

FD21: 20    35 

FD      321 

JSR 

KEYWAIT 

GO    "HEE    IF    KEYPRESSED 

FD24. 68 

322 

KEYIN2 

PLA 

FD?5:  08 

323 

PHP 

;  SAVE    KfTVPRESS    '^;TATUS                                                                          | 

FD26    4o 

324 

PHA 

FD27:  20    9D 

FC       325 

JSP 

DISPLAY 

FD2A:  .^>i 

326 

PLA 

FD2B    28 

327 

PLP 

FD2C    90    E8 

328 

BCC 

KEYINt 

FD2E-:  AD    00 

CO       3?9 

f*EYIN3 

L  DA 

KBD 

READ    KEYBOARD 

FD3]: 2C     10 

CO       330 

i'T';' ! 

Md 

ruT 

KHDGTRS 

CLEAR    KEYBOARD    STROPE 

FD;54;  60 

331 

^TS 

FDI'^.:  Eh    62 

332 

»^EV> 

AIT 

T^if 

TLA54L 

JUST    KEEP    COUNTING 

FD37' DO    09 

333 

fr'T 

KWAIT2 

FD39: E6    63 

334 

iiT 

TDAi=:4H 

FD3B    A^"/    7F 

335 

LDA 

#*7r                    j 

TEST    FDR    DONE 

FD7.I;    Ui 

336 

CLC 

FD3E:    25    63 

337 

Arjo 

Ti3AS4H 

FD40:FO    05 

336 

SEQ 

KEYUCT               iRCTUHN    IF    TIMED    OUT                                                                                                         | 

FD42:0e    00    CO       339    KWAIT2 

A3L 

KBD 

roA-s  90  Ft-; 

340 

DCC 

KEYWAIT 

rn4?    60 

341     KEVREI 

Rrg 

f-~[)4Q 

342    » 

FD48 

343    • 

FD4B 

344    ESCl 

EQU 

* 

FU4B    7.0    77    FD       345 

JSR 

GOESC 

rr.'TR    A-i    68 

346    ES' 

:ape 

I..DA 

MODES                  '5fei     TO 

+     ?..  [ON    KiR     C'Jf^-'  >'     ^'^    -/t   -■ 

f-D'M>    2^    bO 

347 

AND 

#«80 

y  jViF"    49    AD 

348 

EOR 

tt«AO 

FD51 ;e5    69 

349 

STA 

CURSOR 

FD53:20    OC    FD       350    ESCl 

JSR 

RDKEY                  ;f?FAD    NEXT    CHARACTER                                                                                                         | 

FD56. AO    OB 

351 

LDY 

#8 

•  TEST   FOR    ESCAPE    CUMM'*.ND                                                                                              1 

l-P^B    D9    FO    FF       35i    E5( 

■  -1 

CMP 

ESCTABL>  Y 

FT'-JD    FO    EB 

353 

OEQ 

ESC3 

Fl'^O    88 

354 

DEY 

FD5E. 10    FB 

355 

BPL 

E5C2 

*LUQP    TIL    FOUND    uR    DONt:                                                                                                 | 

FI)60 

356    • 

FD60    A9    00 

357    RDCHAR 

LDA 

»»B0 

/GO   READ   A   CHARACTER                                                                                                 1 

FDf..:.?,  25    t,8 

■j58 

AND 

MODES 

rPc..4    85    69 

359 

STA 

CURSOR               .  SAVE    STANDARD    CL-niJCP                                                                                                      | 

M)66    20    OC    FO       360 

JSR 

RDKEY 

FD69: C9    9D 

361 

CMP 

tt»9B 

i ESCAPE    CHARACTER   ■                                                                                                              1 

FD6B    FO    DE 

'    362 

BEQ 

ESCAPE 

FD6D    C9    95 

363 

CMP 

»»95 

i FORWARD    COPY'                                                                                                                         1 

FD6F    DO    06 

364 

BNE 

KEYRET 

FD71     20    B9    FO       ;)65 

JSR 

PICK 

i  GET    CHARACTER    FROM    SCRELI-' 
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102 

FD74    09    80 

366 

OR  A 

#•80                      -SET    TO    NORMAL    ASCII 

FD76,  60 

367 

RTS 

FD77; 

368 

♦ 

FD77: A?    FB 

369 

G0C5C 

LDA 

WCCLSCRN 

FD79    48 

370 

PHA 

FD7A    B9    7F    FO 

371 

LDA 

ESCVECT, Y 

FD7D    48 

372 

PHA 

FD"'E    60 

373 

RTS 

FD7F 

374 

# 

FD7F    aO 

375 

escvrcT 

DFD 

CLEOL-1 

FD80    '''0 

'J7i 

DFB 

CLEOP-1 

FD81  o:; 

37^ 

DFB 

CLSCRN-1 

FDB3     ■'':: 

379 

DFD 

C0L40-1 

FD83    43 

379 

DFB 

C0L80-1 

FDe-i    08 

380 

DFB 

CURLEFT-1 

FDe?    B6 

381 

DFB 

CURlGHT-l 

FD^i-.    CP 

38:; 

DFB 

CURDQUN -1 

rni-j/  A3 

3S3 

DFn 

CURUP-1 

(-'  '-.Re 

3(34 

* 

Fr>a8  A^  5C 

385 

P  ICK 

LDA 

CH                            .GET    A    CHARACTER    AT    CURRENT    CURSOR    POSITION 

FD8A    4A 

386 

LSR 

A                               .DETERMINE    WHICH    PAGE 

rnsB  A8 

387 

TAV 

Fl)3C     24    i 

a 

;^88 

BIT 

MODES                   .AND    IF    80    CCLL'MN    'lO:  K 

^  1,  et:   so  o 

36" 

nvc 

PICH40                   PORGET    CARRV     IK     ''^0    ^1  (iLUf'US 

'  [■■■'0    90    c 

;> 

3='- 

HCC 

F1CK40                   v^ET    CHARACTFH    FW'iM    *aCO    "''■CE 

FD92    Bl     60 

391 

LDA 

<BAS8L>.  Y 

FD-'4    60 

392 

RTS 

FD93    Bl    5E 

393 

PICK40 

LDA 

<  BAS4L ) . Y 

F  DV7    60 

394 

RT^ 

FD^a 

395 

* 

FD98: 

2    CLDSTRT    IJjtv      *                                                                                                                                       | 

FD98: A9 

03 

3 

LDA      #*3 

FD9A:8D 

DO 

FF 

4 

SVA      «FFD0                 ; ZERO   PAGE    IS   ON    3' 

FD9D: 

5   SE 

u.yr- 

EOU       * 

FD9D;  D8 

6 

CLD                                    iOF    COURSE! 

FD9E:  A2 

03 

/ 

LDX      #3 

FDAO:  86 

7F 

8 

STX       INBUF+1 

FDA2:BD 

BC 

FF 

9   SETUP 1 

LDA       NMIRQ. X 

FDA5:9D 

CA 

FF 

10 

STA       *FFCA, X 

FDA8: BD 

B4 

FF 

11 

LDA       HOOKS. X 

FDAD:  95 

6E 

12 

STA      C5WL, X 

FDAD:  BD 

B8 

FF 

13 

LDA      VBOUNDS*  X 

FDBO:  95 

58 

14 

STA       LMARGIN, X 

FDB2:  CA 

15 

DEX 

FDD3:  10 

ED 

16 

DPI.       F^ET'jn 

FDB5:  85 

82 

17 

e-TA        IDORVN 

FDB7:  A9 

AG 

18 

LDA      »4A0                    ; INPUT    BUFFER    AT    *3A0 

FDB9:  85 

7E 

19 

STA       INBUF 

FDBB:  A9 

60 

20 

LDA       #*60 

FD3D:  85 

81 

21 

STA       IBSLOT 

FDBF: A9 

FF 

22 

LDA       ^^r"^' 

FDCl: 85 

68 

23 

STA      MC1D=:S 

FDC3:  20 

4F 

FB 

24 

JSR      COL40               - ; SET    40   COLUMNSi     CLEAR    SCREEN 

FDC6: 

25    » 

OGAO: 

27    ADR 

EQU      *A0 

OOAO. 

28    CPORTL 

EQU      ADR 

O'-^Al 

?9    CPORTH 

^GL'       AOR+1 

00  A  r^ 

.30    CTFMP 

E'V.'         AF.R.? 

ooa:j 

3  1     CTfiHPl 

':■- .      'U:r-»-3 

0OA4 

32    YTEMP 

E-:---        -lJRr4 

O0B4 

33   ROWTEMP 

Eij"       i*LjK*?0 

CODE 

34   CWPTON 

FO"       *CODa 

roY^A 

33    CUP' 

-    .-.       1C0DA 

FFc::. 

36  ■:: 

'  ''; 

. jO      tFFEC 

rrKD 

TF     ■ 

,  i 

'■•yj     trPFD 

FDC6 

?(-•    » 

KDC^. 

19    # 

FDC6    A9 

78 

40    GEIJLrJTR 

LVf\      #*7B                    i  INIT    SCREEN    INDX    LOCATIONS 

n>:B  a^ 

AO 

•+ 1 

^TA       .K'ORTL 

FPCA    A9 

OS 

4  c 

LDA        ttJ-:! 

FDCC    S^ 

Al 

4? 
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103 

104 

F-DCE    A9    FO 

■'4  4 

LDA 

#^■40 

.  &ET    UP    INDEX     IQ    CHRStIT 

r-DOO.  P!>    A4 

4S 

STA 

VTEMP 

KDD3    A=?    00 

!■■['•■    ■■■>5    3  4 

4ft 

i.OA 

40 

:      .'         '    !■■  -"1 

i  ■"'  ' 

•   r-oWTFi'iP 

K 

f;-r>-'  r^? 

-i  ■' 

i  !■:  ' 

M/L>a    F.O    k>0 

'.■■> 

-r  ^ 

»t»20 

rni)A  L-o  '■  ' 

L 

3  ME 

rrPTEMPS 

FODC    A4    C^ 

"i, ' 

'■ ,  OA 

#'. 

; FAKE    THE    FMRSr     BIT    PATTEPN 

r  IH'C-    u 

' 

.1   , 

.    'r-NAI^Tan    9TH    bn     f-^HlFTET     A"    H  H     0- 

-    Ll.f"      Ui-J 

^   A 

-'■(■■»-■ 

"■■-  -i£: 

' 

-■  f- '  .'i 

-.,'L-  1      Sfc     A2 

7'o 

vj[:'''j'i  "-C 

:-.i  t 

C  TEMP 

.  ctNEf^A-E  r^e  a:::  n 

..-f    ■'    *\'     0  ' 

■-,  . 

■-.A-..'  :  1 

'„  f "  V 

#' 

,    r[:iDr:S  t  cr<   T.<f    ^-mhst  paf.-: 

•■Pr-.V    -%:,     A-. 

•■:.£ 

...*^^:'  I? 

T 

v-T  F_MP 

■■     J    -.      .  :      .--■ 

- 

>'IjR-TL 

*iXE-'.HR     j 

fwL-";    f  I- 

'T,  t 

;:'t:  V 

,     *\yD«CHP    2         t 

ill'.     '..■'.■     *■: 

i   r: 

■'M 

..-A^.C14 

,      i-tfC-Ci-^^     3    ■      "' 

f-ot:t-    v';  •: :; 

C'4 

i-  ■- 

«  » .; 

%'.i)i  -C-T-     0    .      4 

f-iv'  ■.'  T  ■■    ,  . 

•tl. 

■  —  /  1  _■ 

,>'-.'-     .'V            I 

r-,':-  ,               ; 

.  .;. 

-^-■:-  [2 

t  :  A  -^  JT  .  -4W      ...              6 

■    ;   ,-.  .1 

'   ■* 

■  >(' 

;,<  ,f-ORT 

T.'  >':?  '-'.HP      ? 

(-■'■■  ■        ; 

il  C  ^; 

:U>r£S 

.  OC    r.Ecnr-F     ChAP/ACTER     TAOI  tl 

,      ■      .          ,                 V         ■    '  ■■'« 

..tlf 

1»1iA 

=:^^r':cND  set   of-    4- 

^r-,f.  ■■     ;■.        fj.o 

:-.N[-. 

!    ■  •.  ■;■■;  *■■!    ■"-,.  ;j'"'  . 

-   ■  1  ■ 

1 ;  .   1  i-  ■  -■ 

K  :    -    r.;  iWt       !l  I  -^     "A  ■    .  C  '^  ■ -j 

f  rO.:  .'ly 

PIT 

r-'t-  .'3    A.--.    :  ■' 

■■=; 

^  py 

#^3 

:   (4    CMARACTEf^S    0^' ti    PGl^S  t 

'■I     \     -'*'"'    0': 

■ 

'.,':■■  L.MS 

■      I'T 

■  ,.wiEr'!Fr 

4-  1          BPEm,'.    X.  '  it.        ::-  i  v' 

,      5    HIT    .-.'^>r:   V. 

;    '.    -    "     ''  ■.'        T 

V-'t'. 

■    r^(■    m'Fj  i 

,  L<KAri'>t     ;*■     '■•'"'!■    tLr">     k^       nj-.    13>  "^' 

\    '..' -•'        '    * 

■d'-' 

STY 

CTEMP 

.*! 

OfC 

V7i;MP 

.  (NOTE      CARRi'    13    '3t  T  ' 

:'■.-■   1 

Oer. 

liBQ 

DONE 

, BRANCH    IF    ALL    bCNE 

.     \       ■               .\\ 

'-:' " 

.py 

y  rEI-1P 

.  v^ET    CHAPACTFr'     TAJ3i.  K     \U£\i^ 

'-   •> 

■  .i::A 

■:hrset--i 

.  V 

FE17    2A 

as 

ROL 

A 

i  (CARRY    KEEPS    BYTE    NON-ZEHO    UNTIL    ALL    E 

FE18    A4    A2 

86 

LDY 

CTEHP 

i RESTORE   COLUMN   COUNT                     ^pg   SHIFTED) 

Ki:w^  88 

■■1  -■ 

^;HK  1  CNT 

DH  V 

GOT    AL.L    FIVE    DITS' 

\-\    lij      DO     fcir^ 

'-r* 

une: 

CSMFT 

.  JMO.     DO    NEXT 

'LIP    CA 

-■.  V 

DEX 

,^  ALL    ROWS    DONE  ' 

rKiF.   10  e:? 

90 

DPI. 

CCOLMS 

iNO.     DO    NEXT 

TL'SO    Ofi 

''1 

PHP 

,  SAVE    REMAINING    Dir    FATr'^v-i    AND    CARRV 

f"t£Sl     40 

■^P. 

PHA 

i    '.-.       c.       -1'-'      c'L'      ^1 

JbP 

M'URCHRS 

.MOVE    EM    TO    NGN    l;l?:PlAYtU        IT^O    A^-'FA 

■  -       -■-    ■♦■      vl     F-r 

. 

JMP 

CBvrES 

f     b?JLl 

'r-. 

DONr: 

E3U 

* 

*  fc:.:e  A?   IF 

"^  / 

STORCHRS    LDX 

#«1F 

MOVE    CHARACTER    PATTERNS    TLJ     .iOEO    AF.t.A 

1  f;^:a  ao  00 

■ve. 

3T0RSET 

LDV 

»o 

■  ■'■  .-,■    yv  B4 

'■■iTDi-fCW 

l.TA 

Rai^rEHP.  X 

■  :  ct      -.'A 

:  ■■ 

A''-L 

^« 

,  siHIFT     TO    CENTtR 

•-..  '      -:'■     jt: 

■  '.:[ 

AI^;.- 

#  I  nt-: 

;  yjRlP    EXTRA    C^Pl^A'^E 

FE:il     "Vl     AC 

1  Oi' 

STA 

(CPORTL),  V 

F-E.^J    CA 

1  O'-i 

DEX 

FE ':■"'»  eg 

IC'4 

I  NY 

r  ii:.v..'   r.o  c^i 

1  v'i 

\..  >■  f 

**»s 

.THIS    GROUP    DONF 

^E.r^-   00  f^-i 

iO/j 

BNf! 

STQROW 

,N0.      NEXT    ROW 

r  [::-i^  rio  '--'v  i- 

I'-    ■ 

rr* 

NXTPORT 

FE3C    C9    08 

lOe 

CMP 

#$B 

rE;3E.  FO    04 

109 

Dt'Gt 

GENDONE 

i  ALL    ROWS    STORED" 

KE40    BA 

110 

T^'A 

i-t:4l     lO    E' 

1  1  ' 

nt-i. 

'-Ti:,F?FT 

F  F:.1J    60 

I    Ir. 

--"  ■  s 

iPARHAL    SET     (»47S-»*3rF) 

f-fv,A 

* 
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105 

106 

FE44: A9    01 

1 1 4    OENDONE 

L^A 

«i 

i  SET   r 

MORMAL    MODE 

FE46: 85    A2 

115 

SI  A 

CTEMP 

FE48    A9    60 

116    GENl 

LDA 

«»oO 

i PREPARE    TO   SEND    BYTES    TO   CHARACTER                                           1 

KtnA    £C    DD    C: 

11   • 

H  ;  i' 

CWRTCN            ,'  GENERATOR    RAM                                                                                                        | 

FE4D    20    At:    F^ 

1  11-1 

,P 

vrtETRCE           aJAIT 

FOR    NEXT    VERTICAL    RETRACE 

FF?C.    A9    2 

0 

1  i  ■^■' 

I..  A 

t»«20 

i  WAIT 

AOAItJ 

FESa    aO    AE    FE 

1^0 

.j.:r 

VRETRCe 

FE55. 2C    DA   CC 

131 

niT 

CWRTCFF            i CHARACTERS   ARE    NOW   LOADED 

FE59    20    88    FE 

122 

J3H 

ALTCHR              i REPEAT    THIS   SET    FOR    OTHER    64   CHARACTERS 

f-t:5H    Ci--    A 

c' 

i:;,^ 

nr  c 

CTEMP                  ■  HAVt 

WE    DONE    ALTERNATES    YET'' 

F-'K5li     10     1 

6 

1  i'i 

Brl, 

^.EN2 

i  NO. 

DO    IT- 

t^'KSr    A^    ?^ 

1  r.  ': 

LI  A 

»r" 

,  DUMP 

ASCII    VALUfc'ia    FOR    NEXT    SET 

f-E61    ab   Al 

1«.'6 

9TA 

C FORTH 

f-E63    AO    07 

127    NVTA^CI 

L  ;■'  T 

#7 

>THE 

USUAL   COUNDOWN 

FE65   Bl    AO 

irci    NXTA-sC? 

I,   :    A 

tCPORTLK  Y 

FE67     IB 

.  ^  .- 

' 

FEfef*    6^    - 

■  , 

*-    'J 

m%a 

FE*-*     ■-. 

) 

;:TA 

fCPORTL><  Y 

PEoC    TiB 

I  "«• 

DEY 

FE6D    i:    f 

6 

I  ':: 

BPL 

NXTASC2 

FEftF-   ^0   *»<?  Fe 

IJA 

JSR 

NXTPORT 

rv.-'Z  'M   rr 

DCC 

NXTASCI 

'  r-.7ii    -r- 

;    .; 

R7S 

" t-  "'■    -V'. 

n 

.■■     'if 

i;^ 

LDY 

#13 

i SETUP    ALTERNATE    WITH   UNDERLINES                                                     | 

Kt"?7    A=?    ■ 

F 

13iJ 

LDA 

«»7F 

FF79  99  FC  o; 

139    UNDER 

STA 

»5FC 

.  Y 

FE7C    9<'    FC    0' 

'       140 

STA 

•7FC 

*  V 

PE^F     ":)a 

1  4^ 

DEY 

FEHtO     I    ■ 

1  -Jt' 

DPL 

UNDER 

-           tj'-'-         -■:                          ■'■ 

.;  -r  ;.' 

LDA 

#«8 

r-lJ.j--,     ::,■■ 

'■-  i 

1   -^A 

STA 

CPDRTH 

i-LMo   :'.' 

.  ■■!  '■' 

BNE 

GENl 

r.  ■ 

1  '"iti 

a;.T'.: 

HH 

LDY 

#7 

i ADJUST    ASCII    FOR    ALTERNATE    SET 

Ktrf^A-  Bi 

AO 

14R 

ALTC 

1 

LDA 

(CPORTD.V 

FEO^'  .  A"^ 

r.'O 

n9 

EOR 

#«20 

i  «20— >0      «40-->*60 

FE8K.  S'1 

AG 

1-.0 

S"»A 

(CPORTD*  Y 

FE:90:  £-3 

ISl 

Drv 

Ft91: 10 

F7 

i^2 

13  Ft. 

ALTCl 

i  ADJUST    THEM    ALL 

FE93: 20 

99 

F£i        it-'j 

\.-'i-ri 

NXTPORT 

rf96: 90 

FO 

154 

BCC 

ALTCHR 

FE98: 60 

155 

R7  5 

FE99: 

156 

•» 

r-K99.  A5 

AO 

157 

NXTPORT 

LDA 

C'^'OUll. 

i  CONVERT    «78->«F8    OR    »FB-*7« 

r-t-:VH:  47 

ao 

158 

EDP 

■H.iUO 

Ff:<5r»:  8Li 

AO 

159 

STA 

CKDKTL. 

FE9F : 30 

02 

160 

BMI 

NDHIGH 

FF.Al  :E6 

Al 

161 

INC 

CPORTH 

, IF   =C    THEN   -4 

rt:A3:  A^3 

Al 

162 

NOHIOH 

LDA 

CPORTH 

FKA'.i    C9 

OC 

163 

CMP 

#x-: 

rEA7; DO 

04 

164 

BNE 

PORTDN 

FEA9. A9 

04 

165 

LDA 

#i-^ 

r 

FEAB: 85 

Al 

166 

STA 

CPORTH 

FEAD; 60 

167 

PORTDN 

RTS 

FEAE; 

168 

* 

FEAE: 

169 

« 

FEAE- 85 

A3 

170 

VRtZTRCE 

STA 

CTEMPl 

;SAVE    BITS   TO   BE   STORUD 

FE(30:  AD 

EC 

FF        171 

LDA 

CI32CTRL 

; CONTROL    PORT    FOR     'CB2' 

FEB3: ?9 

3F 

172 

AND 

»*3r 

iRESUT    HI    BITS    TO    0 

FEB 5:  05 

A3 

173 

ORA 

CTEMPl 

FEB  7;  8D 

EC 

FF       174 

STA 

CB2CTRL 

FEB A; A9 

OB 

175 

LDA 

#«8 

iTEST   VERTICAL   RETRACE 

FEBC    SI) 

EI) 

FF       176 

STA 

CB2INT 

FEUF    ^X 

ED 

FF       177 

VWAIT 

BIT 

CH2INT 

; WAIT    FOR    RETRACE 

FEC2- FO 

FB 

178 

BEG 

VWAIT 

FEC4    60 

179 

RTS 

FEC5. 

180 

* 

FEC'J. 

181 

CHR? 

iFIT 

EOU 

« 
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108 

rrc*? 

Fo  01  b:^     10? 

DFB 

$F0, 

*01.1^82,  tie 

FFCR: 

18 

FE:C9: 

40    B4    81        183 

DFB 

«40» 

«84>  $81, *2F 

ri:cc: 

2F 

FL'CD: 

58    44    81        184 

DFB 

%^Q, 

$44,*81,  $27 

rtiDO 

2'> 

['ED\- 

Oc?    IE    01        185 

DFB 

«02, 

*1E.-  ¥01.  *91 

FtlD'V 

^-'i 

FED^; 

7C     IF    49       186 

DFB 

$7C. 

*1F..  *49.  *30 

FFCB: 

-30 

F'£rD9. 

8A    08    43       187 

DFB 

«8A* 

*08*  *43,  *14 

FEDC ; 

1^ 

FFDO: 

31    ;: 

A    r?2        1S8 

DFD 

*31, 

*2A. $22, *13 

F-tlEIO 

13 

fee:  I 

t'J    F7    C4        189 

DFB 

*E3, 

*F7, «C4, *91 

FFF4 

91 

Ft"e-:5: 

OS    A 

2    DA       190 

DFR 

*48, 

*A2.-  *DA.  $24 

FElEin 

cJ^ 

PECC-/. 

Co   4 A  6.-'      r-yi 

DFti 

aC6, 

t4A.  't/-.?..  *GC 

FEEC 

BC 

FEED 

;  24 

C6   F8       192 

DFQ 

♦24. %Q6.  »FB-  *63 

FEFO 

63 

FC-.r-  1 

ec 

CI     4i       193 

VFB 

fGC. tCl. *46. *17 

FE>--i 

ly 

FFF-!^ 

52 

8A    AF       194 

DF3 

*b2.  *aA,  *AF;  ♦16 

FEFQ 

16 

FPr-V 

14 

E3    33        i<v^ 

DFB 

*14.  $£3*  *33-  ♦SI 

Fc  f-; 

'sjZ 

F[  ;■  !.■ 
Ff-r-j 

FFOl 

-T     -J 

FD    DC        1  '-'''■■ 

OF  I;; 

<iC6,  *F8,.  'tl'C.  ^73 

3F 

46    17       197 

DFB 

*3F,  ^46.  ♦17.  ^62 

FF04 

65 

FFOD 

ec 

21    F6       198 

DFB 

♦BC  ^21.  ♦E6.  ♦IS 

FF  r-!:^ 

1  G 

Fr:'V 

r  -r  ■ 

on    cA         1  'V9 

I:FF. 

♦  ^A,  ♦8D.  *M.  ♦CF 

FFOI^ 

1  _  Y 

62    -^4       clOO 

DFB 

♦IB. ♦62. 474. fDi 

FF  1  0 

Dl 

FFI  1 

B9 

10    4'^       201 

DFB 

♦  B9-  ♦IS.  ^49.  ^40 

Fl^  1  *V 

40 

FFi  s 

Ff- 1  >:-■• 

FF  ]  V 

'^1 

CO      Fj          1:^0? 

or;-; 

:e?1  >  ♦CO    '¥r:\.  %09 

^C 

91    CO       ci03 

DFIJ 

♦2C.  ♦91.  tCO-  ♦M 

FF3C 

34 

FF :  1  - 

U) 

aC    E-       204 

DFP 

*U)-  ♦aC    ♦E.F,  ♦O? 

;■  r- ;.  j 

FF.r:^ 

1  / 

4:3    /■  2       .-'jb 

:jf3 

'■t\":  i  i  ..  -iBu  ♦ai 

':'■  1 

1-^4 

IE    OF      1'06 

vr-  li 

♦84    ♦!£, ♦DF.  ♦OB 

FFc?B 

OD 

FFc.'V 

3] 

84    F3      207 

DFE 

^t^.:  ,  ^84.  ♦F8.  ♦FE 

i-'f  :ii 

Ft: 

rf  .-;'■' 

—  -> 

jE  ■■-^-     ::oi-i 

IFl-l 

%  '       l.^E,  ♦3E..  ♦!? 

1  T   ;•: ' 

■':,c: 

3C    Fi;       209 

VFh 

Itj.- .  *SC.  ♦FD-  ♦C? 

FF,?4 

0  7 

FFl^'j 

^0 

E3    on       210 

DFP 

*^-u.  ♦ES,  ♦OB.  ♦&! 
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110 

r-r3':^  =-1 

F-F3V    ( 

FF  :-;■':    - 

FF^V     1 

^i 

e:b 

c- 

:-!i  I 

r>"  1'       *•:!),  $E8.  *C8,  t73 

a 

oc 

A?. 

21^ 

;>i  r-i     $ia,  toe,  %^2.  s^e 

FF40    3E 

FF4  3     r 

'1 

01' 

PAP, 

..'i-tf       *01,  402,  *20,  *42 

FF4';    '^ 

is 

F-F4:      : 

\ 

a 

.■:    :      '' 

OFP        4  3F.  141,  *5ia    *&JC 

FF4'-    '. 

F'r4V    0£: 

~ -.J 

■  ^ 

.     j.  "/ 

1>FR       *0S,  !tOO    **^0,  *EE 

FF4C,  EE 

F-Fac    voc 

1 1 

] 

7  1  : 

UFS       *00.  tW.^M.  *21 

1'  f " ' ^ '  '    .■' 
[■'"■";      ; 
''"'•■■-. 

-  i 

'-.-'  -J 

- 

!;f  r.      -a-;  1 .   tOc:    -fhO.  a:3C 

FF-':i    : 

1 1 

!"•?  1 

.; 

£    ;  !"■ 

DFP       *?1, »31, 102. $E0 

FFt>:'.    F 

.■', 

FF^/T     1 

r 

00 

'^  , 

^.l^ 

DFB     »ic. *oo, »ca>  »n9 

FF^^y.   L 

:  ■" 

FF6O:  IF 

Oc 

'   ■ 

'^20 

rf^P       *B0,  *62.  *14,  t  J  t- 

FF61    46 
FF64  ,43 

.^ 

PE 

_2?l 

- 

_,DF.B 

^  MA.  »AS,  tpp,  »43 

f■F.^^  2c 

04 

t3i- 

.'?i"r"' 

•or  3 

»iiC,«04,  »8B,  *BE 

(■F60    Bf 

Fr69    FF 

CE 

70 

rr  ■-, 

DFB 

»FF. »CE,  »7D.  »37 

KF6C    37 

FF6D    49 

88 

P'^ 

1-.  =.  ** 

DFB 

*49,  «a8*»95,  *18 

r-7  1    ■■■; 
r-'F  74   :•  ] 

FF75    44 

09 

.r 

DFB 

*98.  *09,  $62,  »D1 

EB 

P- 

i.*26 

DF3 

»44.«ES,  ♦88,  *FB 

FF78    FB 

FF79    02 

90 

.'l'' 

?27 

DFB 

_«02,  «90,  ♦40,  $00 

rF7C    iK 

FF7n      10 

EO 

/' 

-i_-,C 

DFB 

*10.  ♦E0.$03,  $02 

FP8C     '-IP 

FF81    00 

40 

or 

.?2^ 

DFB 

♦00. ^40,  ♦00*  ^00 

FF84    00 

FF8?    OS 

00 

0' 

r"  ?'!' 

DFB 

♦pe.^oa^oo,  «28 

rrea  ;-s 

>  ^'S^'^    ir 

4  c.? 

■i   '• 

;;:jj 

r^D 

»10- ♦42,  $44,  «25 

rrPC    25 

FF8D    82 

B8 

2r 

23i. 

DFB 

♦SZ.^Ber  %2F.  «48 

FF90: 48 

FF91    25 

44 

10 

233 

DFB 

♦23.  ^44,  ♦10-$82 

FF94    B2 

rF95    02 

00 

2F 

234 

DFn 

♦02.  ♦00.  ♦SF.  *'^A 

FF98    5A 

FF99: 40 

45 

02 

235 

DFB 

♦40. ♦45, ♦02, ♦BE 

FF9C    9E 

FF9D    64 

50 

90 

236 

DFB 

♦64, ♦50. ♦90.  ♦Ol 

f FAO' 01 

(FA  I    3t: 

26 

^2 

2?7 

DFB 

«3E,  ♦26.  ♦42.  *a0 

FFA4    30 

FFA5    21 

80 

00 

238 

DFB 

♦21, ♦80, ♦00.  ♦OS 

FFA8    05 

FFA9    00 

FB 

80 

239 

DFB 

♦00,  ♦FB,  ♦80.  ♦OO 

FFAC    00 

^KAD    05 

08 

F8 

240 

DFB 

♦  05,  ♦08,  ♦FS.  ♦80 

rroo  80 

FFBl;  28 

05 

88 

241 

DFB 

♦28, ♦05. ♦88 

FFD4 

242 

* 

FFB4 

243 

HOOKS 

EQU 

«■ 

KFB4: F2 

FB 

244 

DU 

C0UT2 

FFB6    OF 

FD 

245 

DW 

KEVIN 

FFBB 

246 

« 
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112 

FFOa 

247 

VBOUNDS 

EQU      » 

HFB8    00    50    00 

2^8 

OFO       »0, 

»50.  0.«IB 

FFDB    la 

rr  DC 

249 

-» 

ri-rjC     4C     89    Fo 

JO  50 

NMrF.O 

JMP       RECON 

. IN    DIAGNOSTICS 

FFBP     40 

2^1 

^TI 

KFCO: C3    CF    DC 

252 

^SC        'COPYRIGHT 

■    JANUARY 

1980      APPLE    COMPUTER    INC       JRH'                                   | 

FFC3    D9    D2    C9 

/ 

FFC6    C7    C8    D4 

J 

FFC«    AO    lA    - . 

A^ 

FFCC     Cn    D5    C  , 

/ 

FFCF    D2    D9 

AC 

/ 

FFD2: AO   Bl 

B9 

r 

FFD5    B8    BO 

AO 

b      V 

KFna  AO  ci 

r-r-DD    00   cc 

DO 
Ct' 

j:  fiAit*  fi>'«" 

FFDE: AO    C3 

CF 

Mo' 

FFE1 : CD    DO 

D^ 

FFE4. D4    C5 

DP. 

rFE7    AO    C9 
FFEA    C3    AE 

CE 
AE 

f 

o\\9   (jjork^d^'^ 

^^FED    CA    D2 

FFFO. 

FFFO- 

CB 

253 

1    * 

CHN 

V 

MONVECT 

Arri«  /^  ^^ 

FFFO.  ':c 

^'    ESCTADL 

DFB 

*CC 

»  PFl     DO 

3 

DFB 

*D0 

^  .  F^^    D3 

4 

DF13 

4D3 

rF^-1    R4 

DFB 

«ri4 

KFF4: D8 

6 

DFB 

«B8 

I'f-'F^    88 

7 

DFB 

$88 

FFF6:  9!5 

a 

DFB 

♦95 

f-i-F?    BA 

9 

DFB 

*eA 

rT-FQ     OB 

iO 

OFO 

*8B 

n--->v  00 

1  1 

DFB 

*00 

:  NO'JHJNG                                                           1 

FFFA 

12    » 

FFFA    CA    FF 

13    NMi 

DW 

♦FFCA 

FFFC    EE    F4 

14    RESET 

DW 

DIAGN 

,  FIRST    DlAGr40STICS                              | 

'  '  V-T„    CD    FF 

15  iRO 

16  < 

OW 

♦FFCD 

^»*    SUCCESSFUL 

ASSEMBLY:      NO    ERRORS 

75    AlH 

74 

AIL 

F9D4 

AlPC 

F9D7    AlPC I 

77    A2H 

76 

A2L 

79 

A3H 

78.A3L 

7D    A4H 

7A 

A4L 

AO 

ADR 

FE8A   ALTCl 

FE08    ALTCHR 

FD2C 

ASCI 

FB38 

ASC2 

F346   ASC3 

FA06    ASCDDNE 

FA09 

ASCI  10 

F9DF 

ASCI 11 

F9E1    ASCII2 

FA07    ASCII 

F9F2 

ASCII3 

5F 

DAS4H 

5E    BAS4L 

61    BAS8H 

60 

BAS8L 

FC05 

BASCALCl 

?FBB3    BASCALC 

rC3D    DELLl 

FC3E 

BELL2 

FC43 

DEUL3 

FC3A    BELL 

FA15    3IT0FF 

FAll 

BITON 

67 

OKGND 

FCDE    BKSPCE 

FAAO    BLl 

F479 

BLOCKIO 

FC19 

DSCLC2 

FCCD   CANCEL 

7FB7B    CARRAGE 

FFEC 

CD2CTRL 

FFED 

CB2INT 

FEOl    CBYTES 

FE05    CCOLMS 

5C 

CH 

FEC5 

CHRSET 

?FAOA   CKMDE 

?FD98    CLDSTRT 

FC89 

CLEOLl 

FB8E 

CLEOL 

FC91    CLE0L2 

FB71    CLEOP 

FB7A 

CLEOP 1 

FB69 

CLSCRN 

F91C   CMDSRCH 

F96C    CMDTAB 

F97C 

CMDVEC 

FB4F 

C0L40 

FD49   CDL80 

FB93    CONTROL 

FC33 

COUTl 

FBF2 

C0UT2 

FC25   COUT 

Al    CPORTH 

AO 

CPORTL 

F9FB 

CRCHK 

FA26    CRMON 

FCEF   CROUT 

FE07 

CSHFT 

?      6F 

CSWH 

6E    CSWL 

A3    C TEMPI 

A2 

CTEMP 

FC24 

CTRLRET 

FBB3   CURDNl 

FBC9    CURDOWN 

FBB7 

CURIGHT 

FBD9 

CURLEFT 

69   CURSOR 
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113 

114 

rSAE 

CURUPl 

FBA4  CURUP 

5D 

cv 

CODA 

CWRTOFF 

CODD 

CWRTON 

FA91  DEST 

F4EE 

DIAGN 

F941 

DIGIT 

K96D 

DIGRET 

FBFC  DISPLAYX 

FC9D 

DISPLAY 

FE28 

DONE 

FCAA 

DSPBKGND 

FCAD  DSPLSO 

FAB7 

DUMMY 

FAFC 

DUMPO 

f-'1309 

DUMPl 

FBOC  DUMP 2 

FBIC 

DUMP3 

FAE9 

DUMPS 

FB21 

DUMPASC 

7FAF9  DUMP 

7F901 

ENTRY 

FA8B 

ERR0R2 

FASE 

ERROR 

FAF7  ERROR  1 

7FD53 

ESCl 

FD58 

ESC2 

FD4S 

ESC  3 

FD4B  ESCAPE 

FFFO 

ESCTADL 

FD7F 

ESCVECT 

66 

FORGND 

FDE3  GASCIl 

FDE5 

GASCI2 

FDE7 

GASCI3  \ 

FDF4 

0ASCI4 

FE48  GENi 

FE75 

GEN2 

FDEl 

GENASC   1 

FK44 

GENOONE 

?FDC6  GENENTR 

FCD5 

GETLN 

FCD5 

GETLNZ   i 

F92C 

GETNUM 

FD77  GOESC 

FA7D 

GO 

FFB4 

HOOKS   i 

8S 

IDDUFP 

87  IBCMD 

82 

IBDRVN 

81 

IBSLOT 

50 

INBUFLEN 

7E  INDUF 

7FBFF 

INCHORZ 

7FFFE 

IRQ 

FAVD 

JUMP 

COlO  KBDSTRB 

COOO 

KBD 

FD16 

KEYINl   ' 

FD24 

KEYIN2 

FD2E  KEYIN3 

7FD31 

t^EYIN4 

FDOF 

KEY IN    ! 

FD47 

I^EYRET 

FD35  KEYWAIT 

7   71 

K5WH 

70 

KSWL 

FD42 

KWAIT2 

FCB7  LASTLN 

FBDF 

LEFTBO 

FBE9 

LEFTUP 

38 

LMARGIN 

FC52  LNFD 

69 

MASK 

FA52 

MISMATCH 

68 

MODES 

F904  MON 

F908 

MONZ 

FA2C 

MOVE 

FA31 

MOVNXT 

FFBC  mnnQ 

7FFFA 

NMI 

FEA3 

NOHIGH 

FD07 

NOSTOP 

FOBS  NOTCR 

-FADE 

NOVER 

F992 

NXTAl 

F98C 

NXTA4 

FE65  NXTASC2 

FE63 

NXTASCI 

F94F 

NXTBAS 

F947 

NXTDIT 

F959  NXTDS2 

FCE4 

NXTCHAR 

F932 

NXTCHR 

F915 

NXTINP 

FC02  NXTLIN 

FE99 

NXTPORT 

F9DE 

OLDPC 

■•   73 

PCH 

72  PCL 

FD95 

PICK40 

FD8S 

PICK 

FEAD 

PORTDN 

FA6E  PRAIDYTE 

F9C2 

PRBYCOL 

F9AC 

PRBYTE 

FA70 

PRBYTSP 

?F9C5  PRCOLON 

F9BF 

PRHEX2 

F9B7 

PRHEXZ 

7F9I35 

PRHEX 

FA61  PRINTAl 

6D 

PROMPT 

FA73 

PRSPC 

FD60 

RDCHAR 

FDOC  RDKEY 

FACO 

READ 

F689 

RECDN 

FA19 

REPEAT 

FA21  REFEATl 

7FFFC 

RESET 

F7FF 

RETl 

r900 

RET2 

Fa82  RET3 

F9AB 

reta: 

FBBD 

RIGHTl 

59 

RMARGIN 

B4  ROWTEMP 

FA83 

RWERROR 

FAC7 

RWLOOP 

.'FAC5 

SAVCMD 

F912  SCAN 

FC61 

5CRL1 

FC63 

SCRL2 

FC7A 

SCRU3 

53  SCRNLDC 

FC5D 

SCROLL 

FA9A 

SEP 

FB5B 

SETBOA 

FB53  SET80 

FB67 

SET80B 

FDC3 

SETCHZ 

r)3Bt 

SETCV 

?KBC7  SETCVH 

FADD 

SETMDZ 

FABS 

SETMODE 

>f  uVD 

BETUP 

F0A2  SETUP  1 

FEIA 

SHFTC^JT 

FAAh 

SPCE 

6A 

STACK 

/C  STATE 

FD02 

5TGPLST 

f-AAF 

STO^U 

FK28 

STORCHRS 

FEac  sroROw 

FE2A 

3T0H5FT 

■^FA'^^0 

STQK< 
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I  claim: 

1.  In  a  digital  computer  which  includes  a  central 
prcx;essing  unit  (CPU),  a  random-access  memory 
(RAM),  an  address  bus  interconnecting  said  CPU  and 
RAM  such  that  said  CPU  addresses  locations  in  said 
RAM  and  a  data  bus  interconnecting  said  CPU  and 
RAM,  said  CPU  for  certain  functions  addressing  prede- 
termined locations  in  said  RAM  with  a  predetermined 
range  of  address  signals,  an  improvement  comprising: 

detection  means  for  detecting  said  predetermined 
range  of  address  signals,  coupled  to  said  address 
bus; 

register  means  for  storing  digital  signals,  coupled  to 
said  dau  bus,  and; 

switching  means  for  coupling  said  digital  signals 
stored  in  said  register  means  to  said  address  bus 
when  said  detection  means  detects  said  predeter- 
mined range  of  said  address  signals; 

whereby  data  for  said  certain  functions  normally 
stored  by  said  CPU  in  said  predetermined  locations 
may  be  stored  elsewhere  in  said  RAM,  thereby 
enhancing  the  performance  of  said  computer. 

2.  The  improvement  defined  by  claim  2  wherein  said 
detection  means  detects  all  binary  zeros. 

3.  The  improvement  defined  by  claim  1  wherein  said 
switching  means  comprises  a  multiplexer  controlled  by 
said  detection  means  for  selecting  said  register  means. 

4.  The  improvement  defined  by  claim  1  including  a 
read-only  memory  coupled  to  said  address  bus  and  said 
data  bus. 

5.  The  improvement  defined  by  claim  4  wherein  said 
stored  signals  in  said  register  means  provide  a  pointer 
for  locations  in  said  RAM  during  a  direct  memory  ac- 
cess transfer. 

6.  The  improvement  defined  by  claim  5  wherein  said 
read-only  memory  in  response  to  signals  on  said  address 
bus  provides  instructions  to  said  CPU  causing  it  to 
increment  address  signals  during  said  direct  memory 
access  transfer. 

7.  In  a  digital  computer  which  includes  a  central 
processing  unit  (CPU),  a  random-access  memory 
(RAM),  an  address  bus  having  a  first  plurality  and  a 
second  plurality  of  lines  for  coupling  said  CPU  with 
said  RAM,  and  a  data  bus  interconnecting  said  CPU 
and  RAM,  said  CPU  for  certain  operations  addressing 
predetermined  locations  in  said  RAM  with  address 
signals  on  said  first  plurality  of  lines  by  coupling  a  pre- 
determined address  on  said  second  plurality  of  lines,  an 
improvement  comprising: 

register  means  for  storing  signals,  coupled  to  said  data 
bus; 

multiplexing  means  coupled  to  said  second  plurality 
of  lines  and  said  register  means  for  selecting  signals 
from  one  of  said  second  plurality  of  lines  and  said 
register  means; 

logic  means  coupled  to  said  second  plurality  of  lines 
and  said  multiplexing  means  for  causing  said  multi- 
plexing means  to  select  signals  from  said  register 
means  when  said  CPU  couples  said  predetermined 
address  on  said  second  plurality  of  lines; 

whereby  said  signals  from  said  register  means  pro- 
vide alternate  locations  in  RAM  for  storage  associ- 
ated with  said  certain  operations. 

8.  The  improvement  defined  by  claim  7  wherein  said 
predetermined  address  is  all  binary  zeros. 
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9.  The  improvement  defined  by  claim  7  including  a 
read-only  memory  coupled  to  said  address  bus  and  said 
data  bus. 

10.  The  improvement  defined  by  claim  8  wherein  said 
stored  signal  in  said  register  means  provides  a  pointer 
for  locations  in  said  RAM  during  a  direct  memory  ac- 
cess transfer. 

11.  The  improvement  defined  by  claim  9  wherein  said 
read-only  memory  in  response  to  signals  on  said  address 
bus  provides  instructions  to  said  CPU  causing  it  to 
increment  address  signals  during  said  direct  memory 
access  transfer. 

12.  In  a  digital  processor  used  in  conjunction  with  a 
display,  said  processor  including  a  data  bus  and  an  ad- 
dress bus,  a  memory  comprising: 

a  first  pluraUty  of  memory  devices  for  storing  data, 
coupled  to  receive  data  from  said  data  bus; 

a  first  memory  output  bus  coupled  to  receive  data 
from  said  first  plurality  of  memory  device; 

a  second  plurality  of  memory  devices  for  storing  data 
coupled  to  receive  data  from  said  data  bus; 

a  second  memory  output  bus  coupled  to  receive  data 
from  said  second  plurality  of  memory  devices; 

addressing  means  coupled  to  said  address  bus  for 
providing  address  signal  for  addressing  said  first 
and  second  plurality  of  memory  devices; 

first  switching  means  for  selecting  data  from  one  of 
said  first  and  second  memory  buses  for  coupling  to 
said  data  bus,  said  first  switching  means  coupled  to 
said  first  and  second  memory  bus  and  said  data  bus; 

second  switching  means  for  selecting  data  from  said 
first  and  second  memory  buses  for  coupling  to  said 
display,  said  second  switching  means  coupled  to 
said  first  and  second  memory  buses  and  said  dis- 
play; and, 

circuit  means  for  coupling  one  of  a  selected  said  first 
and  second  memory  buses  to  said  addressing  means 
such  that  data  from  said  selected  one  of  said  buses 
provides  addressing  information  for  selecting  sub- 
sequent locations  in  said  memory  devices  when 
said  data  bus  is  receiving  data  from  the  other  of 
said  memory  buses, 

whereby  said  memory  provides  data  for  a  high  reso- 
lution display  and  whereby  some  data  stored  in  said 
memory  is  used  for  remapping  locations  in  said 
memory. 

13.  The  memory  defined  by  claim  12  wherein  said 
circuit  means  comprises  a  multiplexer,  said  multiplexer 
selecting  between  said  data  from  said  selected  one  of 
said  buses  and  bank  switching  signals  coupled  to  said 
multiplexer. 

14.  The  memory  defined  by  claim  13  wherein  said 
multiplexer  is  controlled  by  a  logic  circuit  which  is 
coupled  to  said  address  bus  and  said  selected  one  of  said 
buses. 

15.  The  memory  defined  by  claim  14  wherein  said 
logic  circuit  causes  said  multiplexer  to  select  said  bank 
switching  signals  each  time  said  processor  switches  an 
OP  code. 

16.  In  a  digital  computer  with  a  memory,  which  is 
used  in  conjunction  with  a  raster  scanned  display,  said 
display  including  a  digital  counter  which  provides  a 
vertical  count  representative  of  the  horizontal  line 
scanned  by  the  beam  for  said  display,  said  memory 
providing  data  for  displaying  rows  of  characters,  an 


"APPLE_PAT_4_383_296_70"  947  KB  2000-02-27 dpi:  600h  x  600v  pix:  3745h  x  5439v 


David  T  Craig    •    21  February  2004 


I  Page  0107  of  0515 


Apple  Computer  Selected  Patents 


119 


4,383,296 


120 


addressing  means  coupled  to  said  memory  for  scrolling 
displayed  characters,  comprising: 

an  adder  having  a  first  and  a  second  input  terminal, 
the  output  of  said  adder  providing  a  portion  of  an 
address  signal  for  said  memory,  said  first  terminal 
of  said  adder  being  coupled  to  receive  the  lesser 
significant  bits  of  said  vertical  count; 

said  computer  providing  a  periodically  repeated  se- 
quence of  digital  numbers  coupled  to  said  second 
terminal  of  said  adder,  said  sequence  of  digital 
numbers  provided  by  said  computer  having  a  maxi- 
mum value  equal  to  the  number  of  scanned  lines  in 
each  of  said  rows, 

whereby  the  characters  on  said  display  are  scrolled 
with  a  minimum  of  movement  of  data  within  said 
memory. 

17.  The  addressing  means  defined  by  claim  16 
wherein  said  sequence  of  digital  numbers  is  incremented 
for  each  displayed  frame. 

18.  In  a  ditital  computer  which  includes  a  single  chip 
central  processing  unit  (CPU),  a  random-access  mem- 
ory (RAM),  an  address  bus  interconnecting  said  CPU 
and  RAM  such  that  said  CPU  addresses  locations  in 
said  RAM,  and  a  data  bus  coupled  to  said  CPU  and 
RAM,  said  CPU  for  certain  functions  addressing  the 
zero  page  in  said  RAM  by  providing  binary  zeroes  on 
certain  lines  of  said  address  bus;  an  improvement  com- 
prising: 

a  detection  circuit  for  detecting  said  binary  zeroes  on 
said  certain  lines  of  said  address  bus; 

a  register  for  storing  digital  signals,  said  register  cou- 
pled to  said  data  bus  for  receiving  digital  signals 
from  said  data  bus;  and, 

a  multiplexer  for  selecting  between  said  digital  signals 
stored  in  said  register  and  said  certain  lines  of  said 
address  bus,  said  multiplexer  being  controlled  by 
said  detection  circuit  so  as  to  select  said  register 
when  said  binary  zeroes  are  detected  on  said  cer- 
tain lines  of  said  address  bus; 

whereby  data  for  said  certain  functions  normally 
stored  on  page  one  of  said  RAM.  may  be  stored 
elsewhere  in  said  RAM,  and  still  easily  addressed 
by  said  CPU. 

19.  The  improvement  defined  by  claim  18  wherein 
one  of  said  stored  signals  from  said  register  is  coupled  to 
said  multiplexer  through  an  exclusive  OR  gate,  said  gate 
being  coupled  to  one  of  said  certain  lines  of  said  address 
bus. 

20.  The  improvement  defined  by  claim  18  or  19 
wherein  said  computer  provides  an  alternate  stack  sig- 
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nal  and  wherein  said  detection-  circuit  also  detects  ad- 
dresses for  page  one  on  said  address  bus,  and  said  multi- 
plexer selects  said  register  if  said  page  one  addresses  are 
detected  and  said  alternate  stack  signal  is  in  a  predeter- 
mined state. 

21.  In  a  digital  computer  which  includes  a  central 
processing  unit  (CPU),  a  random-access  memory 
(RAM),  an  address  bus  interconnecting  said  CPU  and 
RAM  such  that  said  CPU  addresses  locations  in  said 
RAM  and  a  data  bus  interconnecting  said  CPU  and 
RAM,  said  CPU  for  certain  functions  addressing  prede- 
termined locations  in  said  RAM  with  a  predetermined 
range  of  address  signals,  an  improvement  comprising: 

detection  means  for  detecting  said  predetermined 
range  of  address  signals,  coupled  to  said  address 
bus; 

register  means  for  storing  digital  signals,  coupled  to 
said  data  bus,  and; 

switching  means  for  coupling  said  digital  signals 
stored  in  said  register  means  to  said  address  bus 
when  said  detection  means  detects  said  predeter- 
mined range  of  said  address  signals,  said  switching 
means  also  for  coupling  said  digital  signals  stored  in 
said  register  means  to  said  address  bus  when  a 
certain  direct  memory  access  (DMA)  signal  is  in  a 
predetermined  state; 

a  read-only  memory  (ROM)  coupled  between  said 
address  bus  and  said  data  bus,  said  ROM  in  re- 
sponse to  signals  on  said  address  bus  providing 
instructions  to  said  CPU  on  said  data  bus  to  cause 
said  CPU  to  increment  address  signals  when  said 
DMA  signal  is  in  said  predetermined  state; 

said  register  providing  a  pointer  for  locations  in  said 
RAM  when  said  DMA  signal  is  in  said  predeter- 
mined state,  and  said  register  providing  RAM  ad- 
dress signals  when  said  certain  functions  are  se- 
lected by  said  CPU, 

whereby  data  for  said  certain  functions  normally 
stored  by  said  CPU  in  said  predetermined  locations 
may  be  stored  elsewhere  in  said  RAM,  thereby 
enhancing  the  performance  of  said  computer. 

22.  The  improvement  defined  by  claim  21  wherein 
said  switching  means  comprise  a  multiplexer  which 
selects  said  register  when  said  detection  means  detects 
all  binary  zeroes  or  when  said  DMA  signal  is  in  said 
predetermined  state. 
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This  document  describes  the  Apple  ///  microcomputer  ROM  organization.  The  ROM 
listing  used  was  from  Apple  Computer's  patent  (#  4,383,296)  of  May  1Q,  1983  as 
assigned  to  Wendell  B.  Sander.  The  ROM  listing  appears  to  be  from  December  20, 1979. 

The  ROM  occupies  4K  bytes  of  memory  in  the  address  range  $FOOO"$FFFF.  This  ROM 
is  used  by  the  Apple  ///  at  system  power-up  to  test  various  hardware  components, 
initialize  the  character  generator  bitmap,  and  boot  SOS  (Sophisticated  Operating 
System)  from  the  Apple  ///'s  internal  floppy  disl<ette  drive. 

The  ROM  is  organized  as  follows  (routine  names  in  lowercase  were  created  by  me 
since  the  source  code  did  not  contain  a  name  at  the  particular  location): 


Addresses      I  Name 


Description 


FOOD- 
F125- 
F12B- 
F1^- 
F148- 
F1BA- 
F1BD- 
F219- 
F2B3- 
F2BC- 
FZCO- 
F311- 
F355- 
F396- 
F400- 
F456- 
F457- 
F470- 
F479- 


•F124 
f12A 
•F130 
•F147 
f1B9 
•F1BC 
■F218 
■F2B2 
■F2BB 
•F2C5 
■F310 
•F354 
■F395 
■F3FF 
■F455 
F466 
■F48F 
■F478 
■F49F 


REQRWTS 

SETTRK 

CHKDRV 

DRVIlsDX 

READ15 

60SERV 

RDADR10 

WRITE15 

SERVICE 

WNIBLg 

PRENIB16 

P0STNIB16 

NIBL 

DNIBL 

SEEK 

riSWAIT 

ONTABLE 

OFFTABLE 

BLOCKIO 


Read/Vrite  a  disk  track  and  sector 

Set  slot  dependent  track  location 

Check  if  disk  motor  is  stopped 

Get  index  to  drive  number 

Read  disk  sector 

Interrupt  service  vector 

Read  disk  sector  address  field 

txirite  disk  sector 

Interrupt  servicer 

Write  7-bit  nibbles  to  disk 

Pre-nibblize  disk  sector  data 

Post-nibblize  disk  sector  data 

5-bit  to  7-bit  nibble  conversion  table 

7-bit  to  6-bit  denibbleize  conversion  table 

Disk  track  seeker 

100  microsecond  delayer 

Disk  phase  ON  time  table  (in  100  microsecs) 

Disk  phase  OFF  time  table  (in  100  microsecs) 

Read/write  a  disk  block  (2  sectors) 
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F4A0-F4A7 

SECTABL 

Block  to  sector  conversion  table 

F4A8-F4C4 

ANALOG 

Joystick  read  routine 

F4C5-F4CC 

RAM7BL 

RAM  test  bytes 

F4a)-F4ED 

CHP6 

Hardware  component  phrases  (eg  "RAM",  "ROM", . . . ) 

F4EE-F523 

DIAGN 

ROM  system  power-up  entry  (calls  RECON  [F689]Wpr 

F524-F531 

NXBYT 

Test  RAM  page  0  (Zero  Page)             / 

F532-F545 

CNTWR 

Test  RAM  page  1  (Stack  Page)             ' 

F546-F574 

memsize 

Size  the  RAM                      M^flf^ 

Display  screen  error  line  ("DIAQ«STICS")  ^L      Lj^ 
Test  RAM  zero  page  &  stack  page         lOf^l 
Tost  RC^  hardware                   '    ' 

F575-F5B9 

ERRLP 

F5BA-F5E6 

zpgstktst 

FSET-FSK 

ROMTST 

F60D-F630 

VIATST 

Test  VIA  hardware 

F63E-F652 

ACIA 

Test  ACIA  hardware 

Ffi,S3-F67A 

ATD 

Test  A/D  hardware 

F67B-F688 

KEYPLUG 

Test  keyboard  plugin 

F689-F6C1 

RECON 

Reconfigure  system  (tests  for  Apple- 1  key) 

F6C2-F6E5 

SEX 

System  exerciser 

F5E6-F737 

USRENTRY 

Main  RAM  tester 

F738-F747 

STRUT 

Error  message  string  writer 

F748-F77A 

RAM 

Determine  size  of  RAM 

F77B-F783 

ME5JSFRR 

Display  error  message 

F784-F7A0 

RAMSET 

Setup  RAM 

F7A1-F7C8 

PTRINC 

Increment  extended  addressing  pointer 

F7C9-F7F6 

RAMERR 

RAM  error  handler 

F7F7-F7FF   i 

RAMWT 

RAM  write 

F800-F900 

RET1 

Nested  RTS  'table'  routine 

F901-F92B   1 

ENTRY 

SARA  Monitor  entry  point 

F92C-F950 

KTNUM 

Get  number  from  user 

FQ2E-F96B 

TnsaiR 

Execute  Monitor  command 

F96C-F97B   | 

CHDTAB 

Monitor  command  code  table 

F97C-F9RR 

CMDVEC 

Monitor  command  vector  table  (byte-long  entries) 

F98C-F9AB 

NXTA4 

Increment  2  byte  pointer 

F9AC-F9C1 

PRBYTE 

Output  a  byte  to  screen 

F9C2-F9C8   | 

PRBYCOL 

Output  a  byte  followed  by  a  colon 

F9C9-F9D3 

TST80WID 

Test  for  80-coluiwi  screen  width 

F904-F9DE 

A1PC 

Test  for  new  P.C. 

FKIF-FA06   I 

ASCII1 

Store  user  ASCII  string  into  memory 

FA07-FA25 

ASCII 

Fetch  ASCII  character  f ran  keyboard 

FA26-FA2B 

CRMON 

Dunp  line  of  hexadecimal  bytes  due  to  user  CR 

FA2C-FA3A 

MOVE 

Move  bytes  around  in  memory 

FA3B-FA51 

VRFY 

Verify  memory  byte  range 

FA52-FA77 

MISMATCH 

Output  verify  mismatch  data  line 

FA78-FA7A 

USER 

User  control  vector 

FA7B-FA82 

JUMP 

Transfer  control  to  user  routine 

FA83-FA90 

RWERRGR 

Output  error  number 

FA91-FA99 

DEST 

Copy  source  pointer  to  destination  pointer 

FA9A-FAB7 

SEP 

Test  for  seperator  character  in  input  line 

FAB8-FABF 

SETMODE 

Setup  user  mode 

FAC0-FAE8 

READ 

Handle  Monitor  READ  disk  block  command 

FAE9-FB20 

Durtf^e 

Output  line  of  memory  bytes 

FB21-FB48 

DUTtfJASC 

Output  line  of  memory  bytes  as  ASCII 

FB49-FB4E 

COL80 

Setup  60-column  display  mode 

FB4F-FB92 

ca-40 

Setup  40-column  display  mode 
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FBQ3-FBA3 

CONTROL 

Handle  user  control  character  input 

F8A4-FRBfi 

CURUP 

Handle  cursor  up       motion 

FBBT-FBOft 

CURIGHT 

Handle  cursor  right  motion 

FK»-FBD4 

DURDny^ 

Handle  cursor  down    motion 

FB05-FBD8 

LSTBACK 

Handle  backspace       motion 

FBD9-FBF1 

CURLEFT 

Handle  cursor  left    motion 

F8F2-FC04 

C0UT2 

Output  character  to  screen 

FC05-FC24 

BASCALC1 

Compute  character  base  address  for  screen  output 

FC25-FC32 

COJT 

Output  character  to  current  output  device 

FC33-FC35 

C0UT1 

Character  output  vector 

FC36-FC51 

TSTBELL 

Handle  BELL  character  output  (beep  speaker) 

FC52-FC5A 

LNFD 

Handle  LIIC  FEED  character  output 

FC5B-FC0C 

SCROLL 

Scroll  screen  lines 

FCa)-FCAC 

DISPLAY 

Display  character  on  40-coliaTin  screen 

FCAD-FCBA 

DSPL80 

Display  character  on  80-column  screen 

FCBB-FOM 

NOTCK 

Handle  non-control  character  output 

FCD5-FD0B 

GETLNZ 

Read  user  ASCII  line  from  keyboard 

FDOC-FDK 

RDKEY 

Read  keyboard  key  input  vector 

FD0F-FD47 

KEVIN 

Read  raw  keyboard  key 

FD48-FD5F 

ESC3 

Handle  ESC  character  cursor  motion 

FD60-FD76 

ROOHAR 

Read  keyboard  character 

FD77-FD7E 

GC£3C 

ESC  key  cursor  motion  handler 

FD7F-FD87 

ESCVECT 

ESC  key  editing  command  key  code  table 

FD88-FD97 

PICK 

Read  character  from  current  cursor  location 

FDQ8-FDC5 

CLDSTART 

Cold  boot  system  (initialize  RW1  globals) 

FDC6-FEAD 

(itrCNTR 

Load  character  generator  RAM  with  bitmap 

FEAE-FEC4 

VRbrRCt 

Wait/poll  for  CRT  vertical  retrace 

FEC5-FFB3 

OIRSET 

Character  generator  character  bitmap  table 

FFB4-FFB7 

HOOKS 

Output/Input  vectors 

FFB8-FFM 

vmiir^s 

Screen  dimension  bounds  (0,80,0,24) 

FFBC-FFBF 

NHIIRQ 

NMI  request  vector  (JMP  RECON  [F689]  RTI) 

FFCO-FFEF 

applecwrite 

Apple  Computer,   Inc.   1980  copyright  phrase 

FFFO-FFFQ 

ESCTABL 

ESC  character  table 

FFFA-FFFB 

NMI 

NMI       vector  [FFCA] 

FFFC-FFFD 

RESET 

RESET  vector  [F4EE]  (Power-up  Diagnostics) 

FFFE-FFFF 

IRQ 

IRQ      vector  [FFCO] 

The  End 
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00001 

444444^44444444444444444444^4444444444*4444444*44444444 

00001 

4   APPLE    ///    ROM  -    DISK    I/O  ROUTINES 

00001 

4   COPYRIGHT    1979    BY  APPLE   COMPUTER,    INC. 

00001 

<<tf#ii#tftf##tfiltfiliiitf#tf#tftf#tftftf4ii#ii#M4Mtftf«#tf#tf«ii<<il#il«#tf 

00001 

00001 

.ABSOLUTE 

00001 

.PROC         DISKIO 

00001 

.ORG           0F000 

00001 

F000I 

*****************>«**)i.«**«)» 

F000I 

CRITICAL   TIMING              * 

F000I 

REQUIRES   PAGE   BOUND         * 

F000I 

CONSIDERATIONS   FOR           * 

F000t 

CODE  AND   DATA                * 

F000I 

CODE * 

F000I 

VIRTUALLY    THE   ENTIRE      * 

F000I 

'WRITE'    ROUTINE              * 

F000I 

MUST   NOT   CROSS 

F000I 

PAGE   BOUNDARIES              * 

F000I 

CRITICAL   BRANCHES    IN         * 

F000I 

THE    'WRITE',     'READ',          * 

F000I 

AND    'READ  ADR'    SUBRS         * 

F000I 

WHICH    MUST   NOT   CROSS         * 

F0001 

PAGE   BOUNDARIES   ARE           * 

F000I 

NOTED    IN   COMMENTS                 * 

F000I 

* 

F000I 

it************************* 

F000I 

* 

F000I 

EQUATES                        * 

F000I 

* 

F000I    0200                                               NBUFl                 .EQU           0200 

F000I    0302                                                NBUF2                 .EQU           0302                         ;     (ZERO  PAGE  AT    $300) 

F0001 

F000I    0080                                               HRDERRS            .EQU           80 

F000I    00E0                                               DVMOT                 .EQU           0E0 

F000I 

F000I    0081 

[BSLOT              .EQU           81 

F000I    0082 

[BDRVN              .EQU            IBSLOT+I 

F000I    008  3 

[BTRK                 .EQU            IBSLOT+2 

F000I    0084 

[BSECT              .EQU            IBSLOT+3 

F000I    0085 

[BBUFP               .EQU            IB3LOT+4              ;    &    5 

F000I    0087 

[BCMD                 .EQU            IBSLOT+6 

F000I    0088 

[BSTAT              .EQU            IBSLOT+7 

F000I    008  9 

[BSMOD              ,EQU            IBSLOT+8 

F000I    008  9                                                CSUM                   .EQU            IBSMOD                   ;    USED  ALSO  FOR  ADDRESS    HEADER  CKSUM 

F000I    008A 

[OBPDN              .EQU            IBSLOT+9 

F000I    008B 

[MASK                 .EQU            IBSLOT+0A 

F000I    008C                                               CURTRK              .EQU           IBSLOT+0B 

F000I    008  5                                                DRVOTRK            .EQU           CURTRK-7 

F000I 

SLOT    4,     DRIVE    1 

F000I 

SLOT    4,    DRIVE    2 

F000I 

SLOT    5,     DRIVE    1 

F000I 

SLOT    5,     DRIVE    2 

F000I 

SLOT    6,     DRIVE    1 

F000I 

SLOT    6,     DRIVE    2 

F000I    0093                                               RETRYCNT         .EQU            IBSLOT+12 

F000I    0094                                                SEEKCNT            .EQU            IBSLOT-HS 

F000I    009B                                               BUF                      .EQU            IBSLOT+IA 

F000I    009F                                               ENVTEMP            .EQU            IBSLOT+IE 

F000I 

IBSL0T+$1F   NOT   USED 

F000I 

F000I 

************************** 

F000I 

* 

F000I 

READADR * 

F000I 

* 

F000I 

************************** 

F000I 

F000!    009  5                                                ( 

:0UNT                 .EQU           IBSLOT+14 

'MUST   FIND'    COUNT. 

F000!    009  5 

LiAST                    .EQU           IBSLOT+14 

'ODD   BIT'    NIBLS. 

F000I    0096                                                ( 

:KSUM                 .EQU           IBSLOT+15 

CHECKSUM  BYTE. 

F000I    009  7                                                ( 

:SSTV                 .EQU            IBSLOT+16 

FOUR  BYTES 

F000I 

CHECKSUM,     SECTOR,    TRACK,    AND  VOLUME. 

F000I 

F000I 

.************************** 

F000I 

F000I 

WRITE * 

F000i 

F000I 

USES  ALL  NBUFS                * 

F000I 

AND    32-BYTE                   * 

F000I 

DATA   TABLE    'NIBL'            * 

F000I 

F000I 

.************************** 

F000I 

F000I 

.************************** 

F000I 

F000I 

READ * 

F000I 

F000I 

USES   ALL   NBUFS                 * 

F000I 

USES    LAST    54    BYTES           * 

F000I 

OF  A  CODE   PAGE   FOR           *                                                                                                                                                        ^ 

.3093V 
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F000I 

SIGNIFICANT  BYTES      * 

F0a0| 

OF  DNIBL  TABLE.        * 

F000I 

* 

F000I 

************************** 

F000I 

F000I 

Alt************************ 

F000I 

* 

F000I 

SEEK * 

F000i 

* 

F000I 

*ih*Ail<ilr*>l>>l>ili***il>*ll<)k>kA*A*i>i*** 

F000I 

Fet00|  0095                   TRKCNT      .EQU     COUNT         ;  HALFTRACKS  MOVED  COUNT. 

F000I  009D                   PRIOR       .EQU     IBSLOT+IC 

F000I  009E                   TRKN        .EQU     IBSLOT+ID 

F000I 

F000I 

************************** 

F000I 

* 

F000I 

MSWAIT * 

F00a| 

* 

F000I 

************************** 

F000I 

F000I  0099                   MONTIMEL    .EQU     CSSTV+2       ;  MOTOR-ON  TIME 

F000I  009A                   MONTIMEH    .EQU     MONTIMEL+1    ;  COUNTERS. 

F000I 

F000I 

************************** 

F000I 

* 

F000I 

DEVICE  ADDRESS       * 

F000I 

ASSIGNMENTS         * 

F000I 

* 

F000I 

************************** 

F000I 

F000I  C080                   PHASEOFF    .EQU     0C080         ;  STEPPER  PHASE  OFF. 

F000I  C081                   PHASEON     .EQU     0C081         ;  STEPPER  PHASE  ON. 

F0001  C08C                   Q6L         .EQU     0C08C         ;  Q7L,Q6L=READ 

F000I  C08D                   Q6H         .EQU     0C08D         ;  Q7L, Q6H=SENSE  WPROT 

F000I  C08E                   Q7L         .EQU     0C08E         ;  Q7H,  Q6L=WRITE 

F000I  C08F                   Q7H         .EQU     0C08F         ;  Q7H,  Q6H=WRITE  STORE 

F000I  FFEF 

[NTERUPT    .EQU     0FFEF 

F000I  FFDF                   ENVIRON     .EQU     0FFDF 

F000I  0080                   ONEMEG      .EQU     80 

F000I  007F                   TWOMEG      .EQU     7F 

F000I 

F000I 

****************************** 

F000I 

F000I 

EQUATES  FOR  RMTS  AND  BLOCK 

F000I 

F000I 

****************************** 

F000I 

F000I  0088                   MOTOROFF    .EQU     0C088 

F000I  C08  9                   MOTORON     .EQU     0C08  9 

F000I  C08A                   DRVOEN      .EQU     0C08A 

F000I  C08B                   DRVIEN      .EQU     0C08B 

F000I  C081                   PHASON      .EQU     0C081 

F000I  C080                   PHSOFF      .EQU     0C080 

F000I  0097                   TEMP        .EQU     CSSTV         ;  PUT  ADDRESS  INFO  HERE 

F000I  0097                   CSUMl       .EQU     TEMP 

F000I  0098                   SECT        .EQU     CSUMl+1 

F000I  0099                   TRACK       .EQU     SECT+1 

F000I  0099                   TRKNl       .EQU     TRACK 

r000|  009A                   VOLUME      .EQU     TRACK+1 

F000I  0083 

[BRERR      .EQU     HRDERRS+3 

F000I  0082 

[BDERR      .EQU     HRDERRS+2 

F000I  0081 

[BWPER      .EQU     HRDERRS+1 

F000I  0080 

[BNODRV     .EQU     HRDERRS 

F000I 

F000I 

****************************** 

F000I 

* 

F000I 

READ  WRITE  A             * 

F000I 

TRACK  AND  SECTOR           * 

F000I 

* 

F000I 

****************************** 

F000I 

F000I  A0  01                  i 

^EGRWTS     LDY      #01           ;  RETRY  COUNT 

F002I  A6  81 

LDX      IBSLOT        ;  GET  SLOT  #  FOR  THIS  OPERATION 

F004I  84  94 

STY      SEEKCNT       ;  ONLY  ONE  RECALIBRATE  PER  CALL 

F006I  A9  05 

IDA      #005 

F008I  85  8F 

STA      08F 

F00AI  08 

PHP                   ;  DETERMINE  INTERRUPT  STATUS 

F00BI  68 

PLA 

F00C1  6A 

ROR      A 

F00D1  6A 

ROR      A             ;  GET  INTERRUPT  FLAG  INTO  BIT  7 

F00EI  6A 

ROR      A 

F00FI  6A 

ROR      A 

F010I  85  8B 

STA      I MASK 

F012I  AD  DFFF 

LDA      ENVIRON       ;  PRESERVE  ENVIRONMENT 

F015I  85  9F 

STA      ENVTEMP 

F017I  20  2BF1 

JSR      CHKDRV        ;  SET  ZERO  FLAG  IF  MOTOR  STOPPED 

F01AI  08 

PHP                   ;  SAVE  TEST  RESULTS 

F01BI  A5  85 

LDA      IBBUFP        ;  MOVE  OUT  POINTER  TO  BUFFER  INTO  2PAGE 

F01DI  85  9B 

STA      BUF                                                                 J 

c 3099V 
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F01F 

A5  86 

LDA     IBBUFP+1 

F021 

85  9C 

STA      BOF+l 

F023 

A9  E0 

LDA      #DVMOT 

F025 

85  9A 

STA      MONTIMEH 

F02  7 

A5  82 

LDA      IBDRVN        ;  DETERMINE  DRIVE  ONE  OR  TWO 

F02  9 

C5  8A 

CMP      lOBPDK        ;  SAME  DRIVE  USED  BEFORE 

F02B 

85  8A 

STA      lOBPDN        ;  SAVE  IT  FOR  NEXT  TIME 

F02D 

08 

PHP                   ;  KEEP  RESULTS  OF  COMPARE 

F02E 

6A 

ROR      A             ;  GET  DRIVE  NUMBER  INTO  CARRY 

F02F 

BD  89C0 

LDA      MOT0RON,X     ;  TURN  ON  THE  DRIVE 

F032 

9001 

BCC      DRIVSEL       ;  BRANCH  IF  DRIVE  1  SELECTED 

F034 

EB 

INX                   ;  SELECT  DRIVE  2 

F035 

BD  8AC0 

DRIVSEL     LDA      DRVOEN,X 

F038 

20  4CF3 

JSR      SETIMEG       ;  INSURE  ONE  MEGAHKRTZ  OPERATION 

F03B 

28 

PLP                   ;  WAS  IT  SAME  DRIVE? 

F03C 

F00A 

BEQ      OK 

F03E 

28 

PLP                   ;  MUST  INDICATE  DRIVE  OFF  BY  SETTING  ZERO  FLAG 

F03F 

A0  07 

LDY      #07           ;  DELAY  150  MS  BEFORE  STEPPING 

F041 

20  56F4 

DRVWAIT     JSR      MSWAIT        ;  (ON  RETURN  A=0) 

F044 

88 

DEY 

F045 

D0FA 

BNE      DRVWAIT 

F04  7 

08 

PHP                   ;  NOW  ZERO  FLAG  SET 

F04  8 

A5  83 

OK          LDA      IBTRK         ;  GET  DESTINATION  TRACK 

F04A 

A6  81 

LDX      IBSLOT        ;  RESTORE  PROPER  X  (SL0T*16) 

F04C 

20  04F1 

JSR      MYSEEK        ;  AND  GO  TO  IT 

F04F 

;  NOW  AT  THE  DESIRED  TRACK    WAS  THE  MOTOR  ON  TO  START  WITH? 

F04F 

28 

PLP                   ;  WAS  MOTOR  ON? 

F050 

D017 

BNE      TRYTRK        ;  IF  SO,  DON'T  DELAY,  GET  IT  TODAY! 

F052 

F052 

MOTOR  WAS  OFF,  WAIT  FOR  IT  TO  SPEED  UP 

F052 

F052 

A0  12 

MOTOF       LDY      #12           ;  WAIT  EXACTLY  100  US  FOR  EACH  COUNT 

F054 

88 

CONWAIT     DEY                   ;  IN  MONTIME 

F0S5 

D0FD 

BNE      CONWAIT 

F057 

E6  99 

INC      MONTIMEL      ,-  COUNT  UP  TO  0000 

F05  9 

D0F7 

BNE      MOTOF 

F05B 

E6  9A 

INC      MONTIMEH 

F05D 

30F3 

BMI      MOTOF 

F05F 

F05F 

***AAAA*AA*ik*AiliAA**ik***ik**ii<*** 

F05F 

MOTOR  SHOULD  BE  UP  TO  SPEED 

F05F 

IF  IT  STILL  LOOKS  STOPPED  THEN 

F05F 

THE  DRIVE  IS  NOT  PRESENT. 

F05F 

F05F 

**4***********AA**iliili**il[|li*Ail[A** 

F05F 

F05F 

20  2BF1 

JSR      CHKDRV        ;  IS  DRIVE  PRESENT? 

F062 

D005 

BNE      TRYTRK        ;  YES,  CONTINUE 

F064 

A9  80 

NODRIVERR   LDA      #IBNODRV      ;  NO,  GET  TELL  EM  NO  DRIVE 

F066 

4C  EAF0 

JMP      HNDLERR 

F069 

F069 

NOW  CHECK  IF  IT  IS  NOT  THE  FORMAT  DISK  COMMAND, 

F069 

LOCATE  THE  CORRECT  SECTOR  FOR  THIS  OPERATION 

F069 

F069 

A5  87 

TRYTRK      LDA      IBCMD         ;  GET  COMMAND  CODE  # 

F06B 

F07  6 

BEQ      ALLDONE       ;  IF  NULL  COMMAND,  GO  HOME  TO  BED 

F06D 

C9  03 

y-  -  f-v            CMP      #03           ;  COMMAND  IN  RANGE? 

F06F 

B072 

(  M-V/            BCS      ALLDONE       ;  NO,  DO  NOTHING! 

F071 

6A 

^ -  ^      ROR      A             ;  SET  CARRY=1  FOR  READ,  0  FOR  WRITE 

F072 

B00B 

^ "^    J      BCS      TRYTRK2       ;  MUST  PRENIBBLIZE  FOR  WRITE 

F074 

AD  DFFF 

|«Ja^  \<flA^      ^^A      ENVIRON 

1  "V  ._L-    ^^^      #TWOMEG       ,-  SHIFT  TO  HIGH  SPEED! 
n.-a-»VA;rii3Z.^   STA      ENVIRON 
#<i  -^^                              JSR      PRENIB16 

F07  7 

29  7F 

F07  9 

F07C 

8D  DFFF 
20  C4F2 

F07F 

A0  7F 

TRYTRK2     LDY      #7F           ;  ONLY  127  RETRIES  OF  ANY  KIND 

F081 

84  93 

STY      RETRYCNT 

F083 

A6  81 

TRYADR      LDX      IBSLOT        ;  GET  SLOT  NUM  INTO  X-REG 

F085 

20  B9F1 

JSR      RDADR16       ;  READ  NEXT  ADDRESS  FIELD 

F088 

9022 

BCC      RDRIGHT       ;  IF  READ  IS  RIGHT,  HURRAH! 

F08A 

20  AAFl 

TRYADR2     JSR      CHKINT        ;  BRANCH  TO  CHECK  FOR  INTERRUPTS 

F08D 

C6  93 

DEC      RETRYCNT      ;  ANOTHER  MISTAKE! ! 

F08F 

10F2 

BPL      TRYADR        ;  WELL,  LET  IT  GO  THIS  TIME 

F091 

C6  94 

DEC      SEEKCNT       ;  ONLY  RECALIBRATE  ONCE! 

F093 

D053 

BNE      DRVERR        ;  TRIED  TO  RECALIBRATE  A  SECOND  TIME,  ERROR! 

F095 

A5  8F 

LDA      08F           ;  ANOTHER  MISTAKE! ! 

F097 

30EA 

BMI      TRYADR        ;  WELL,  LET  IT  GO  THIS  TIME 

F099 

A5  8C 

LDA      CURTRK 

F09B 

48 

PHA                     ;  SAVE  TRACK  WE  REALLY  WANT 

F09C 

A9  60 

LDA      #60           ;  RECALIBRATE  ALL  OVER  AGAIN!    ERROR! 

F09E 

20  25F1 

JSR      SETTRK        ;  PRETEND  TO  BE  ON  TRACK  80 

F0A1 

A9  00 

LDA      #00 

F0A3 

20  04F1 

JSR      MYSEEK        ;  MOVE  TO  TRACK  00 

F0A6 

68 

GOCALl      PLA 

F0A7 

20  04F1 

GOCAL       JSR      MYSEEK        ;  GO  TO  CORRECT  TRACK  THIS  TIME! 

F0AA 

90D7 

BCC      TRYADR        ;  LOOP  BACK,  TRY  AGAIN  ON  THIS  TRACK 

F0AC 

F0AC 

■  HAVE  NOW  READ  AN  ADDRESS  FIELD  CORRECTLY. 

F0AC 

•  MAKE  SURE  THIS  IS  THE  TRACK,  SECTOR,  AND  VOLUME  DESIRED. 

F0AC 

F0AC 

A4  99 

RDRIGHT     LDY      TRACK         ;  ON  THE  RIGHT  TRACK?                                  ^ 
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F0AE 

C4  8C 

CPY      CURTRK 

F0B0 

F00E 

BEQ     RTTRK        ;  IF  SO,  GOOD 

F0B2 

F0B2 

RECALIBRATING  FROM  THIS  TRACK 

F0B2 

F0B2 

AS  8C 

LDA      CURTRK        ;  PRESERVE  DESTINATION  TRACK 

F0B4 

48 

PHA 

F0B5 

98 

TYA 

F0B6 

0A 

ASL      A 

F0B7 

20  25F1 

JSR      SETTRK 

F0BA 

68 

PLA 

F0BB 

20  04F1 

JSR      MYSEEK 

F0BE 

90CA 

BCC      TRYADR2 

F0C0 

A5  9A                  RTTRK       LDA      VOLUME        ;  GET  ACTUAL  VOLUME  HERE                               | 

F0C2 

85  89 

STA      IBSMOD        ;  TELL  OP SYS  WHAT  VOLUME  WAS  THERE 

F0C4 

A5  98                  CORKECTVOL  LDA      SECT          ;  CHECK  IF  THIS  IS  THE  RIGHT  SECTOR                    | 

F0C6 

C5  84 

CMP      IBSECT 

F0C8 

D0C0 

BNE      TRYADR2       ;  NO,  TRY  ANOTHER  SECTOR 

F0CA 

A5  87 

LDA      IBCMD         ;  READ  OR  WRITE? 

F0CC 

4A 

LSR      A             ;  THE  CARRY  WILL  TELL 

F0CD 

902A 

BCC      WRIT          ;  CARRY  WAS  SET  FOR  READ  OPERATION, 

F0CF 

20  48F1 

JSR      READ16        ;  CLEARED  FOR  WRITE 

F0D2 

B0B6 

BCS      TRYADR2       ;  CARRY  SET  UPON  RETURN  IF  BAD  READ 

F0D4 

AD  DFFF 

LDA      ENVIRON 

F0D7 

2  9  7F 

AND      #TWOMEG 

F0D9 

8D  DFFF 

STA      ENVIRON       ;  SET  TWO  MEGAHERTZ 

F0DC 

20  0FF3 

JSR      P0STNIB16     ;  DO  PARTIAL  POSTNIBBLE  CONVERSION 

F0DF 

A6  81 

LDX      IBSLOT        ;  RESTORE  SLOTNUM  INTO  X 

F0E1 

B0A7 

BCS      TRYADR2       ;  CHECKSUM  ERROR 

F0E3 

1 8                     ALLDONE     CLC 

F0E4 

A9  00 

LDA      #00           ;  NO  ERROR 

F0E6 

9003 

BCC      ALDONEl       ;  SKIP  OVER  NEXT  BYTE  WITH  BIT  OPCODE 

F0E8 

A9  82                  DRVERR      LDA      #IBDERR       ;  BAD  DRIVE 

F0EA 

38                     HNDLERR     SEC                   ;  INDICATE  AN  ERROR 

F0EB 

85  88                  ALDONEl     STA      IBSTAT        ;  GIVE  HIM  ERROR 

F0ED 

BD  88C0 

LDA      MOTOROFF,X    ;  TURN  IT  OFF 

F0F0 

20  AAFl 

JSR      CHKINT        ;  BRANCH  TO  CHECK  FOR  INTERRUPTS 

F0F3 

A5  9F 

LDA      ENVTEMP       ;  RESTORE  ORIGINAL  ENVIRONMENT 

F0F5 

8D  DFFF 

STA      ENVIRON 

F0F8 

60 

RTS 

F0F9 

F0F9 

20  16F2                WRIT        JSR      WRITEl 6       ;  WRITE  NYBBLES  NOW 

F0FC 

90E5 

BCC      ALLDONE       ;  IF  NO  ERRORS 

F0FE 

A9  81 

LDA      #IBWFER       ;  DISK  IS  WRITE  PROTECTED!! 

F100 

50E8 

BVC      HNDLERR       ;  TAKEN  IF  TRUELY  WRITE  PROTECT  ERROR 

F102 

D08  6 

BNE      TRYADR2       ;  OTHERWISE  ASSUME  AN  INTERRUPT  MESSED  THINGS  UP 

F104 

F104 

THIS  IS  THE  'SEEK-  ROUTINE 

F104 

SEEKS  TRACK  'N'  IN  SLOT  #X/S10 

F104 

IF  DRIVENO  IS  NEGATIVE,  ON  DRIVE  0 

F104 

IF  DRIVENO  IS  POSITIVE,  ON  DRIVE  1 

F104 

F104 

0A                     MYSEEK      ASL      A             ;  ASSUME  TWO  PHASE  STEPPER. 

F105 

85  99                  SEEKl       STA      TRKNl         ;  SAVE  DESTINATION  TRACK{*2) 

F107 

20  18F1 

JSR      ALLOFF        ;  TURN  ALL  PHASES  OFF  TO  BE  SURE. 

F10A 

20  3EF1 

JSR      DRVINDX       ;  GET  INDEX  TO  PREVIOUS  TRACK  FOR  CURRENT  DRIVE 

F10D 

35  85 

LDA      DRVOTRK,X 

F10F 

85  8C 

STA      CURTRK        ;  THIS  IS  WHERE  I  AM 

Fill 

A5  99 

LDA      TRKNl         ;  AND  WHERE  I'M  GOING  TO 

F113 

95  85 

STA      DRVOTRK,X 

F115 

20  00F4                GOSEEK      JSR      SEEK          ;  GO  THERE! 

F118 

A0  03                  ALLOFF      LDY      #03           ;  TURN  OFF  ALL  PHASES  BEFORE  RETURNING 

FllA 

98                     NXOFF       TYA                   ;  (SEND  PHASE  IN  ACC.) 

FllB 

20  4AF4 

JSR      CLRPHASE      ;  CARRY  IS  CLEAR,  PHASES  SHOULD  BE  TURNED  OFF 

FllE 

88 

DEY 

FllF 

10F9 

BPL      NXOFF 

F121 

4  6  8C 

LSR      CURTRK        ;  DIVIDE  BACK  NOW 

F123 

18 

CLC 

F124 

60 

RTS 

F125 

F125 

THIS  SUBROUTINE  SETS  THE  SLOT  DEPENDENT  TRACK 

F125 

LOCATION 

F125 

F125 

20  3EF1 

SETTRK      JSR      DRVINDX       ;  GET  INDEX  TO  DRIVE  NUMBER 

F12B 

95  85 

STA      DRVOTRK, X 

F12A 

60 

RTS 

F12B 

F12B 

A*AAiltikA****ikA******AAA*ili*A*** 

F12B 

F12B 

•  SUBR  TO  TELL  IF  MOTOR  IS  STOPPED 

F12B 

F12B 

■  IF  MOTOR  IS  STOPPED,  CONTROLLER'S 

F12B 

■  SHIFT  REG  WILL  NOT  BE  CHANGING. 

F12B 

F12B 

■  RETURN  Y=0  AND  ZERO  FLAG  SET  IF  IT  IS  STOPPED. 

F12B 

F12B 

.***************************** 

F12B 

F12B 

A0  00 

::hkdrv    ldy    #00        ;  init  loop  counter 

F12D 
v. 

BD  8CC0 

:HKDRV1     LDA      Q6L,X         ;  read  the  shift  REG                                   ^ 
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F130 

20 

3DF1 

JSR      CKDRTS 

DELAY 

F133 

48 

PHA 

F134 

68 

PLA 

F135 

DD 

8CC0 

CMP      Q6L,X 

HAS  SHIFT  REG  CHANGED? 

F138 

D003 

BNE      CKDRTS 

YES,  MOTOR  IS  MOVING 

F13A 

88 

DEY 

NO,  DEC  RETRY  COUNTER 

F13B 

D0F0 

BNE      CHKDRVl 

AND  TRY  256  TIMES 

F13D 

60 

CKDRTS      RTS 

THEN  RETURN 

F13E 

F13E 

48 

DRVINDX     PHA 

PRESERVE  ACC. 

F13F 

8A 

TXA 

GET  SLOT(*$10)/8 

F140 

4A 

LSR      A 

F141 

4A 

LSR      A 

F142 

4A 

LSR      A 

F143 

05 

82 

ORA      IBDRVN 

FOR  DRIVE  0  OR  1 

F145 

AA 

TAX 

INTO  X  FOR  INDEX  TO  TABLE 

F146 

68 

PLA 

RESTORE  ACC. 

F147 

60 

RTS 

F148 

F148 

***************************** 

F148 

.f  t   u 

F148 

NOTE:  FORMATTING  ROUTINES 

F148 
F148 

NOTE  INCLUDED  FOR  SOS 

F148 
F148 

***************************** 

F148 

************************* 

F148 

/  yvv  i*"**^ 

F14a 

READ  SUBROUTINE     * 

F148 

(16-SECTOR  FORMAT)    * 

F148 

F148 

************************* 

F148 

F148 

READS  ENCODED  BYTES   * 

F148 

INTO  NBUFl  AND  NBDF2   * 

F148 

F148 

FIRST  READS  NBUF2      * 

F148 

HIGH  TO  LOW,   * 

F148 

THEN  READS  NBUFl       * 

F148 

LOW  TO  HIGH.   * 

F148 

F148 

ON  ENTRY * 

F148 

ri48 

X-REG:  SLOTNUM         * 

F148 

TIMES  $10.      * 

F148 

F148 

READ  MODE  (Q6L,  Q7L    * 

F148 

F148 

ON  EXIT * 

F148 

F148 

CARRY  SET  IF  ERROR     * 

F148 

F148 

IF  NO  ERROR:           * 

F148 

A-REG  HOLDS  $AA.    * 

F148 

X-REG  UNCHANGED.    * 

F148 

Y-REG  HOLDS  $00.    * 

F148 

CARRY  CLEAR.        * 

F148 

CAUTION  * 

F148 

F148 

OBSERVE          * 

F148 

'NO  PAGE  CROSS-      * 

F148 

WARNINGS  ON        * 

F148 

SOME  BRANCHES ! !      * 

F148 

F148 

ASSUMES  * 

F148 

F148 

1  USEC  CYCLE  TIME     * 

F148 

F148 

************************* 

F148 

F148 

A0 

20                  1 

^EAD16      LDY      #20 

•  'MUST  FIND'  COUNT. 

F14A 

88 

I 

^SYNC       DEY 

■  IF  CAN'T  FIND  MARKS. 

F14B 

F06A 

BEQ      RDERR 

■  THEN  EXIT  WITH  CARRY  SET 

F14D 

BD 

8CC0                1 

^Dl         LDA      Q6L,X 

■  READ  NIBL. 

F150 

10FB 

BPL      RDl 

■  ***  NO  PAGE  CROSSl  *** 

F152 

49 

D5                  1 

^SYNCl      EOR      #0D5 

•  DATA  MARKl? 

F154 

D0F4 

BNE      RSYNC 

•  LOOP  IF  NOT. 

F156 

EA 

NOP 

■  DELAY  BETWEEN  NIBLS . 

F157 

BD 

8CC0 

?D2         LDA      Q6L,X 

F15A 

10FB 

BPL      RD2 

.  ***  NO  PAGE  CROSS!  *** 

F15C 

C9 

AA 

CMP      #0AA 

■  DATA  MARK  2? 

F15E 

D0F2 

BNE      RSYNCl 

•  (IF  NOT,  IS  IT  DM1?) 

F160 

A0 

55 

LDY      #055 

■  INIT  NBUF2  INDEX. 

F162 

(  ADDED  NIB 

L  DELAY) 

F162 

EA 

NOP 

;  DELAY  BETWEEN  NIBLS. 

F163 

BD 

8CC0 

?D3         LDA      Q6L,X 

F166 

10FB 

BPL      RD3 

;  ***  NO  PAGE  CROSS!  *** 

F168 

C9 

AD 

CMP      #0AD 

•  DATA  MARK  3? 

F16A 

D0E6 

BNE      RSYNCl 

;  (IF  NOT,  IS  IT  DMl?) 

F16C 

(CARRY  SET  IF  DM3!) 

J 
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F16CI  EA 

NOP                   ;  DELAY  BETWEEN  NIBLS. 

F16DI  EA 

NOP                   ;  DELAY  BETWEEN  NIBLS. 

F16EI  BD  8CC0                RD4         LDA      Q6L,X 

F171I  10FB 

BPL      RD4           ;  ***  NO  PAGE  CROSS!  *** 

F173I  99  0203 

STA      NBUF2,Y       ;  STORE  BYTES  DIRECTLY 

F176I  AD  EFFF 

LDA      INTERUPT      ;  POLL  INTERRUPT  LINE 

F179I  05  8B 

ORA      IMASK         ;  (THIS  MAY  BE  USED  TO  INVALIDATE  POLL) 

F17BI  1037 

BPL      GOSERV 

F17DI  88 

DEY                  ;  INDEX  TO  NEXT 

F17EI  10EE 

BPL      RD4 

F180I  C8                     RD5         INY                   ;  (FIRST  TIME  Y=0) 

F181I  BD  8CC0                RD5A        LDA      Q6L,X         ;  GET  ENCODED  BYTES  OF  NBUFl 

F184I  10FB 

BPL      RD5A 

F186I  99  0002 

STA      NBUFl, Y 

F18  9I  AD  EFFF 

LDA      INTERUPT      ;  POLL  INTERRUPT  LINE 

F18C1  05  8B 

ORA      IMASK         ;  (THIS  MAY  BE  USED  TO  INVALIDATE  POLL) 

F18EI  1024 

BPL      GOSERV 

F190I  C0  E4 

CPY      #0E4          ;  WITHIN  1  MS  OF  COMPLETION? 

F192I  D0EC 

BNE      RD5 

F194I  C8 

INY 

F195!  BD  8CC0                RD6         LDA      Q6L,X         ;  NO  POLL  FROM  NOW  ON 

F198I  10FB 

BPL      RD6 

F19AI  99  0002 

STA      NBUFl , Y 

F19DI  C8 

INY                   ;    FINISH  OUT  NBUFl  PAGE 

F19EI  D0F5 

BNE      RD6 

FlA0i  BD  8CC0                RDCKSUM     LDA      Q6L, X         ;  GET  CHECKSUM  BYTE. 

F1A3]  10FB 

BPL      RDCKSUM 

F1A5I  85  96 

STA      CKSUM 

F1A7I  20  01F2 

JSR      RDA6          ;  CHECK  BIT  SLIP  MARKS 

FIAAI 

FIAAI 

CHECK  FOR  INTERRUPTS 

FIAAI 

FlAAi  24  8B                  CHKINT      BIT      IMASK         ;  SHOULD  INTERRUPTS  BE  ALLOWED? 

FIACI  1004 

BPL      5010          ;  YES,  ALLOW  THEM. 

FIAEI  24  8F 

BIT      08F 

F1B0I  1001 

BPL      $020 

F1B2I  58 

?010        CLI 

F1B3I  60 

?020        RTS 

F1B4I 

F1B4 1  20  AAF2                GOSERV      JSR      SERVICE       ;  GO  TO  SERVICE  INTERRUPT 

F1B7I  38                     RDERR       SEC 

F1B8I  60 

RTS 

F1B9I 

F1B9I 

*************************** 

F1B9I 

* 

F1B9I 

READ  ADDRESS  FIELD     * 

F1B9I 

SUBROUTINE         * 

F1B9I 

(16-SECTOR  FORMAT)      * 

F189I 

* 

F1B9I 

*************************** 

F1B9I 

* 

F1B9I 

READS  VOLUME,  TRACK    * 

F1B9I 

AND  SECTOR         * 

Fia9| 

* 

Fia9| 

ON  ENTRY * 

F1B9I 

* 

F1B9I 

XREG:  SLOTNUM  TIMES  $10  * 

F1B9! 

* 

F1B9I 

READ  MODE  (Q6L,  Q7L)     * 

F1B9! 

* 

F1B9I 

ON  EXIT * 

F1B9I 

* 

F1B9I 

CARRY  SET  IF  ERROR       * 

FlB9i 

* 

F1B9! 

IF  NO  ERROR:             * 

F1B9I 

A-REG  HOLDS  $AA.       * 

F1B9I 

Y-REG  HOLDS  $00.       * 

F1B9I 

X-REG  UNCHANGED.       * 

F1B9I 

CARRY  CLEAR.           * 

F1B9I 

* 

F1B9I 

CSSTV  HOLDS  CHKSUM,    * 

F1B9I 

SECTOR,  TRACK,  AND   * 

F1B9I 

VOLUME  READ.         * 

F1B9I 

* 

F1B9I 

USES  TEMPS  COUNT,      * 

F1B9I 

LAST,  CSUM,  AND      * 

F1B9I 

4  BYTES  AT  CSSTV.    * 

F1B9I 

* 

F1B9I 

EXPECTS  * 

F1B9I 

* 

F1B9[ 

ORIGINAL  10-SECTOR      * 

F1B9I 

•   NORMAL  DENSITY  NIBLS     * 

F1B9I 

(4-BIT),  ODD  BITS,      * 

F1B9I 

THEN  EVEN               * 

F1B9I 

* 

F1B9I 

CAUTION  

F1B9I 

* 

F1B9I 

OBSERVE           * 

F1B9I 

■NO  PAGE  CROSS'       * 

F1B9I 

WARNINGS  ON         *                                                           j 
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F1B9I 

SOME  BRANCHES ! !       « 

F1B9I 

* 

F1B9I 

ASSUMES  * 

F1B9I 

* 

F1B9I 

1  USEC  CYCLE  TIME     * 

F1B9I 

* 

F1B9I 

F1B9I 

F1B9I  A0  FC                  RDADR16     LDY      #0FC 

FIBBI  84  95 

STY      COUNT         :  'MUST  FIND'  COUNT. 

FIBDI  C8                     RDASYN      INY 

FIBEI  D004 

BNE      RDAl          ;  LOW  ORDER  OF  COUNT 

F1C0I  E6  95 

INC      COUNT         ;  (2K  NIBLS  TO  FIND 

F1C2I  F0F3 

BEQ      RDERR         ;  ADR  MARK,  ELSE  ERR) 

F1C4I  BD  8CC0                RDAl        LDA      Q6L,X         ;  READ  NIBL. 

F1C7I  10FB 

BPL     RDAl         :  ***  NO  PAGE  CROSS!  *** 

F1C9I  C9  D5                  RDASNl      CMP      »0D5          ;  ADR  MARK  1? 

FICBI  D0F0 

BNE      RDASYN        ;  (LOOP  IF  NOT) 

FICDI  EA 

NOP                   ;  ADDED  NIBL  DELAY 

FICEI  BD  8CC0                RDA2        LDA      Q6L,  X 

FlDll  10FB 

BPL      RDA2          ;  ***  NO  PAGE  CROSS!  *** 

F1D3I  C9  AA 

CMP      #0AA          ;  ADR  MARK  2? 

F1D5I  D0F2 

BNE      RDASNl        ;  (IF  NOT,  IS  IT  AMI?) 

F1D7I  A0  03 

LDY      #03           ;  INDEX  FOR  4-BYTE  READ 

F1D9I 

(ADDED  NIBL  DELAY) 

F1D9I  BD  8CC0                RDA3        LDA      Q6L,X 

FIDCI  10FB 

BPL     RDA3         ;  ***  NO  PAGE  CROSS!  *** 

FIDEI  C9  96 

CMP      #96           ;  ADR  MARK  3? 

F1E0I  D0E7 

BNE      RDASNl        ;  (IF  NOT  IS  IT  AMI?) 

F1E2I 

(LEAVES  CARRY  SET!) 

F1E2I  78 

SEI                   ;  DISABLE  INTERRUPT  SYSTEM 

F1E3I  A9  00 

LDA      #00           ;  INIT  CHECKSUM 

F1E5I  85  89                  RDAFLD      STA      CSUM 

F1E7I  BD  8CC0                RDA4        LDA      Q6L, X         ;  READ  'ODD  BIT'  NIBBL 

FIEAI  10FB 

BPL      RDA4          ;  ***  NO  PAGE  CROSS!  *** 

FIECI  2A 

ROL      A             ;  ALIGN  ODD  BITS,   1'  INTO  LSB 

FIEDI  85  95 

STA      LAST          ;  (SAVE  THEM) 

FIEF!  BD  8CC0                RDA5        LDA      Q6L, X         ;  READ  'EVEN  BIT'  NIBL 

F1F2I  10FB 

BPL      RDA5          ;  ***  NO  PAGE  CROSS  •** 

F1F4I  25  95 

AND      LAST          ;  MERGE  ODD  AND  EVEN  BITS 

F1F6I  99  97  00 

STA      CSSTV, Y       ;  STORE  DATA  BYTE 

F1F9I  45  89 

EOR      CSUM 

FIFBI  88 

DEY 

FIFCI  10E7 

BPL      RDAFLD        ;  LOOP  ON  4  DATA  BYTES. 

FIFEI  A8 

TAY                   ;  IF  FINAL  CHECKSUM 

FIFFI  D0B6 

BNE      RDERR         :  NONZERO,  THEN  ERROR 

F201 1  BD  8CC0                RDA6        LDA      Q6L, X         ;  FIRST  BIT  SLIP  NIBBL 

F204I  10FB 

BPL      RDA6          ;  ***  NO  PAGE  CROSS!  *** 

F206I  C9  DE 

CMP      #0DE 

F20BI  D0AD 

BNE      RDERR         ;  ERROR  IF  NONMATCH 

F20AI  EA 

NOP                   ;  DELAY 

F20BI  BD  8CC0                RDA7        LDA      Q6L,X         ;  SECOND  BIT-SLIP  NIBL 

F20EI  10FB 

BPL      RDA7          ;  ***  NO  PAGE  CROSS!  *** 

F210!  C9  AA 

CMP      #0AA 

F212  1  D0A3 

BNE      RDERR         :  ERROR  IF  NOMATCH 

F214  1  18                     RDEXIT      CLC                   ;  CLEAR  CARRY  ON 

F215I  60                     WEXIT       RTS                   ;  NORMAL  READ  EXITS. 

F216( 

F216I 

*********************** 

F216I 

* 

F216I 

WRITE  SUBR       * 

F216I 

{16-SECTOR  FORMAT)   * 

F216I 

* 

F216I 

*********************** 

F216I 

* 

F216I 

WRITES  DATA  FROM    * 

F216I 

NBUFl  AND  NBUF2    * 

F216I 

* 

F216I 

FIRST  NBUF2,         * 

F216I 

HIGH  TO  LOW.     * 

F216I 

THEN  NBUFl,          * 

F216I 

LOW  TO  HIGH      * 

F216I 

* 

F216I 

ON  ENTRY * 

F216I 

* 

F216I 

X-REG   SLOTNUM      * 

F216I 

TIMES  $10      * 

F216I 

* 

F216I 

* 

F216I 

ON  EXIT  

F216I 

* 

F216I 

CARRY  SET  IF  ERROR.  * 

F216I 

(W  PROT  VIOLATION)  * 

F216I 

* 

F216I 

IF  NO  ERROR:         * 

F216I 

* 

F216I 

A-REG  UNCERTAIN.   * 

F216I 

X-REG  UNCHANGED.   * 

F216I 

Y-REG  HOLDS  $00.   * 

F216I 

CARRY  CLEAR.       * 
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F2161 

F216I 

ASSUMES  * 

F216I 

F216I 

1  USEC  CYCLE  TIME    * 

F216I 

F216I 

)k***|liik**AAAA*itik**A***ik* 

F216! 

F216I  38                     WRITE16     SEC 

ANTICIPATE  WPHOT  ERR. 

F217I  B8 

CLV 

TO  INDICATE  WRITE  PROTECT  ERROR  INSTEAD  OF 

F218I 

INTERRUPT 

F218I  BD  8DC0 

LDA      Q6H,X 

F21BI  BD  8EC0 

LDA      Q7L,X 

SENSE  WPROT  FLAG. 

F21EI  30F5 

BMI      WEXIT 

BRANCH  IF  WRITE  PROTECTED 

F220I  A9  FF                  WRITl       LDA      #0FF 

SYNC  DATA. 

F222I  9D  8FC0 

STA      Q7H,X 

(51  GOTO  WRITE  MODE 

F225I  ID  8CC0 

ORA      Q6L,X 

(4) 

F2281  A0  04 

LDY      #04 

(2)  FOR  FIVE  NIBLS. 

F22A!  EA 

NOP 

(2) 

F22BI  48 

PHA 

<4) 

F22C:|  68 

PLA 

<3) 

F22DI  4  8                     WSYNC       PHA 

{4)  EXACT  TIMING 

F22EI  68 

PLA 

(3) 

F22FI  20  BBF2 

JSR      WNIBL7 

(13,9,6)  WRITE  SYNC 

F232i  88 

DEY 

(2) 

F2331  D0F8 

BNE      WSYNC 

(2*)   MUST  NOT  CROSS  PAGE! 

F2351  A9  D5 

LDA      #0D5 

(2)   1ST  DATA  MARK 

F237I  20  BAF2 

JSR      WNIBL9 

(15,9,6) 

F23AI  A9  AA 

LDA      #0AA 

(2)   2ND  DATA  MARK 

F23C1  20  BAF2 

JSR      WNIBL9 

(15,9,6) 

F23FI  A9  AD 

LDA      #0AD 

(2)   3RD  DATA  MARK 

F241i  20  BAF2 

JSR      WNIBL9 

(15,9,6) 

F244I  A0  55 

LDY      #55 

(2)  NBUF2  INDEX 

F24  6I  EA 

NOP 

(2)  FOR  TIMING 

F24  7I  EA 

NOP 

(2) 

F248I  EA 

NOP 

(2) 

F24  9I  D008 

BNE      VRYFRST 

(3)  BRANCH  ALWAYS 

F24BI  AD  EFFF                WINTRPT     LDA      INTERUPT 

(4)  POLL  INTERRUPT  LINE 

F24EI  05  8B 

ORA      IMASK 

(3) 

F250I  38 

SEC 

(2) 

F251I  1057 

BPL      SERVICE 

(2)  BRANCH  IF  INTERRUPT  HAS  OCCURED 

F253I  3000                   VRYFRST     BMI      WRTFRST 

(3)  FOR  TIMING. 

F255I  B9  0203                WRTFRST     LDA      NBDF2,Y 

(4) 

F258I  90  8DC0 

STA      Q6H,X 

(5)  STORE  ENCODED  BYTE 

F25B!  BD  8CC0 

LDA      Q6L,X 

(4)  TIME  MUST  =  32  US  PER  BYTE! 

F25EI  88 

DEY 

(2) 

F25FI  10EA 

BPL      WINTRPT 

(3)  (2  IF  BRANCH  NOT  TAKEN) 

F261I  98 

TYA 

(2)  INSURE  NO  INTERRUPT  THIS  BYTE 

F262I  3003 

BMI      WMIDLE 

(3)  BRANCH  ALWAYS. 

F264I  AD  EFFF                WNTRPTl     LDA      INTERUPT 

(4)  POLL  INTERRUPT  LINE 

F267I  05  8B                  WMIDLE      ORA      IMASK 

(3) 

F269I  38 

SEC 

(2) 

F2  6AI  3002 

BMI      WDATA2 

(3)  BRANCH  IF  NO  INTERRUPT 

F26CI  103C 

BPL      SERVICE 

GO  SERVICE  INTERRUPT. 

F26EI  C8                     WDATA2      INY 

(2) 

F2  6FI  B9  0002 

LDA      NBUF1,Y 

(4) 

F272I  9D  SDC0 

STA      Q6H,X 

(5)  STORE  ENCODED  BYTE 

F275I  BD  8CC0 

LDA      Q6L,X 

(4) 

F278I  C0  E4 

CPY      #0E4 

(2)  WITHIN  1  MS  OF  COMPLETION? 

F2  7AI  D0E8 

BNE      WNTRPTl 

(3)  (2)  NO  KEEP  WRITTING  AND  POLLING. 

F27CI  EA 

NOP 

(2) 

F27DI  C8 

INY 

•  (2) 

F2  7EI  EA                     WDATA3      NOP 

•  (2) 

F27FI  EA 

NOP 

(2) 

F280I  48 

PHA 

•  (4) 

F281I  68 

PLA 

(3) 

F282I  B9  0002 

LDA      NBUF1,Y 

•  (4)  WRITE  LAST  OF  ENCODED  BYTES 

F285I  9D  8DC0 

STA      Q6H,X 

•  (5)  WITHOUT  POLLING  INTERRUPTS. 

F2B8I  BD  8CC0 

LDA      Q6L,X 

■  (4) 

F28BI  A5  96 

LDA      CKSUM 

•  (3)  NORMALLY  FOR  TIMING 

F28D!  C8 

INY 

■  (2) 

F28EI  D0EE 

BNE      WDATA3 

•  (3)  (2) 

F2  90I  F000 

BEQ      WRCKSUM 

■  (3)  BRANCH  ALWAYS 

F292I  20  BBF2                WRCKSUM     JSR      WNIBL7 

•  (13,9,6)  GO  WRITE  CHECK  SUM!! 

F295I  48 

PHA 

•  (3) 

F296I  68 

PLA 

•  (4) 

F297I  B9  C0F3                WRBITSLMK   LDA      BITSLIPMK, Y 

-  (4)  LOAD  BIT  SLIP  MARK 

F29AI  20  BDF2 

JSR      WNIBL 

•  (6,9,6) 

F29DI  C8 

INY 

■  (2) 

F29EI  C0  04 

CPY      *04 

■  (2) 

F2A0I  D0F5 

BNE      WRBITSLMK 

■  (2)  (3) 

F2A2I  18 

CLC 

■  (2) 

F2A3I  BD  8EC0                NOWRITE     LDA      Q7L,X 

-  OUT  OF  WRITE  MODE. 

F2A6I  BD  8CC0 

LDA      Q6L,X 

■  TO  READ  MODE. 

F2A9I  60 

RTS 

■  RETURN  PROM  WRITE. 

F2AAI 

F2AAI  2C  54F3 

SERVICE     BIT      SEV           ;  SET  VFLAG  TO  INDICATE  INTERRUPT 

F2ADI  20  A3F2 

JSR      NOWRITE       ;  TAKE  IT  OUT  OF  WRITE  MODE! 

F2B0I  A5  8F 

LDA      08F 

F2B2I  1002 

BPL      $010 

J2B4I  85  8B 

STA      IMASK                                                               J 
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F2B6I  C6  8F                  $010        DEC      08F 

F2B8I  58 

CLI                   ;  COULD  NOT  HAVE  GOT  HERE  WITHOUT  CLI  OK 

F2B9I  60 

RTS 

F2BAI 

F2BAI 

F2BAI 

* 

F2BAI 

7-BIT  NIBL  WRITE  SUBRS   * 

F2BAI 

* 

F2BAI 

A-REG  OR'D  PRIOR  EXIT    * 

F2BAI 

CARRY  CLEARED        * 

F2BAI 

* 

F2BAI 

****AA**A*ftik]kit**ik**ftftftikik**** 

F2BAI 

F2BAI  18                     WNIBL9      CLC                   ;  (2)  9  CYCLES,  THEN  WRITE 

F2BBI  4  8                     WNIBL7      PHA                   ;  (3)  7  CYCLES,  THEN  WRITE 

F2BCI  68 

PLA                   ;  (4) 

F2BDI  9D  8DC0                MNIBL       STA      Q6H,X         ;  (5)  NIBL  WRITE  SUB 

F2C0I  ID  8CC0 

ORA      Q6L,X         ;  (4)  CLOBBERS  ACC.  NOT  CARRY 

F2C3I  60 

RTS 

F2C4I 

F2C4I 

ik**it**A*  A***itA**«iii**itA>k**Ji>t* 

F2C4I 

F2C4I 

PRENIBILIZE  SUBR        * 

F2C4I 

{16-SECTOR  FORMAT)       * 

F2C4I 

F2C4I 

A*************************** 

F2C4I 

F2C4I 

CONVERTS  256  BYTES  OF     * 

F2C4I 

USER  DATA  IN  (BUF)  INTO   * 

F2C4I 

ENCODED  BYTES  TO  BE       * 

F2C4I 

WRITTEN  DIRECTLY  TO  DISK  * 

F2C4I 

ENCODED  CHECK  SUM  IN      * 

F2C4I 

ZERO  PAGE  'CKSUM'         * 

F2C4  1 

F2C4I 

ON  ENTRY * 

F2C4I 

F2C4I 

BUF  IS  2-BYTE  POINTER     * 

F2C4I 

TO  256  BYTES  OF  USER    * 

F2C4I 

DATA .                   * 

F2C4I 

F2C4I 

A-REG  CHECK  SUM.          * 

F2C4I 

X-REG  UNCERTAIN 

F2C4  1 

Y-REG  HOLDS  0.            * 

F2C4I 

CARRY  SET.                * 

F2C4I 

F2C4I 

*A****ik***ikit4t**A*A**it*****ik* 

F2C4I 

F2C4 1  A2  02                  PRENIB16    LDX      #02           ;  START  NBUF2  INDEX. 

F2C6I  A0  00 

LDY      #00           ;  START  USER  BUF  INDEX. 

F2C8I  8  8                     PRENIBl     DEY                   ;  NEXT  USER  BYTE 

F2C9I  Bl  9B 

LDA      (BUF)  ,  Y 

F2CBI  4A 

LSR      A             ;  SHIFT  TWO  BITS  OF 

F2CCI  3E  0103 

ROL      NBUF2-1,X     ;  CURRENT  USER  BYTE 

F2CFI  4A 

LSR      A             ;  INTO  CURRENT  NBUF2 

F2D0I  3E  0103 

ROL     NBUF2-1,X     ;  BYTE. 

F2D3I  99  0102 

STA      NBUF1+1,Y     ;  (6  BITS  LEFT). 

F2D6I  E8 

INX                   ;  FROM  0  TO  $55 

F2D7I  E0  56 

CPX      #5  6 

F2D9I  90ED 

BCC      PRENIBl       ;  BR  IF  NO  WRAPAROUND 

F2DBI  A2  00 

LDX      #00           ;  RESET  NBUF2  INDEX 

F2DD1  98 

TYA                   ;  USER  BUF  INDEX 

F2DE1  D0E8 

BNE      PRENIBl       ;  (DONE  IF  ZERO) 

F2E0I  A0  56 

LDY      #5  6           ;  (ACC=0  FOR  CHECK  SUM) 

F2E2I  59  0003                PRENIB3     EOR      NBUF2-2,Y     ;  COMBINE  WITH  PREVIOUS 

F2E5I  2  9  3F                  PRENIB2     AND      #03F          ;  STRIP  GARBAGE  BITS 

F2E71  AA 

TAX                   ;  TO  FORM  RUNNING  CHECK  SUM 

F2E8I  BD  55F3 

LDA      NIBL,X        ;  GET  ENCODED  EQUIV. 

F2EB1  99  0103 

STA      NBUF2-1,Y     ;  REPLACE  PREVIOUS 

F2EEI  B9  0003 

LDA      NBUF2-2,Y     ;  RESTORE  ACTUAL  PREVIOUS 

F2F1I  88 

DEY 

F2F2I  D0EE 

BNE      PRENIB3       ;  LOOP  UNTIL  ALL  OF  KBUF2  IS  CONVERTED. 

F2F4I  2  9  3F 

AND      #3F 

F2F6I  59  0102 

3RENIB4     EOR      NBUF1+1,Y     ;  NOW  DO  THE  SAME  FOR 

F2F9I  AA 

TAX                 ;  NIBBLE  BUFFER  1 

F2FAI  BD  55F3 

LDA      NIBL,X        ;  TO  DO  ANY  BACK  TRACKING  (NBUFl-1) 

F2FDI  9  9  0002 

STA      NBUF1,Y 

F300I  B9  0102 

LDA      NBUF1+1,Y     ;  RECOVER  THAT  WHICH  IS  NOW  'PREVIOUS' 

F303I  C8 

INY 

F304 1  D0F0 

BNE      PRENIB4 

F306I  AA 

TAX                   ;  USE  LAST  AS  CHECK  SUM 

F307I  BD  55F3 

LDA      NIBL,X 

F30AI  85  96 

STA      CKSUM 

F30CI  4C  4CF3 

JMP      SETIMEG       ;  ALL  DONE. 

F30FI 

F30FI 

■   ********ik****ik*****ik****** 

F30FI 

F30FI 

;     POSTNIBLIZE  SUBR     * 

F30FI 

16-SECTOR  FORMAT      * 

F30FI 

F30FI 

-A************************* 

J 

c 3091V 

"APPLE_PAT_4_383_296_C_1 1 "  1 77  KB  2000-02-28  dpi:  300h  x  SOOv  pix:  2324h  > 

David  T  Craig    •    21  Febr 

uary2004                                                                 |  Page  0124  of  0 

515 

Apple  Computer  Selected  Patents 

- 

10/31/89  9:56 

HDrApple  ///:ROM  -  Disk  I/O                    Page  10 

F30F 

. 

F30F 

38 

P0STNIB16   SEC 

F310 

A0  55 

LDY      #55           ;  FIRST  CONVERT  TO  6  BIT  NIBBLES 

F312 

A9  00 

LDA      #00           ;  INIT  CHECK  SUM 

F314 

BE  0203 

PNIBLl      LDX      NBUF2,Y       ;  GET  ENCODED  BYTE 

F317 

5D  00F3 

EOR      DNIBL^X 

F31A 

3030 

BMI      SETIMEG       ;  SET  1  MHZ 

F31C 

99  0203 

STA      NBUF2,Y       ;  REPLACE  WITH  6  BIT  EQUIV. 

F31F 

88 

DEY 

F320 

10A6 

BPL      PRENIBl       ;  LOOP  UNTIL  DONE  WITH  NIBBLE  BUFFER  2 

F322 

C8 

INY                   ;  NOW  Y=0 

F323 

BE  0002 

PNIBL2      LDX      NBUF1,Y       ;  DO  THE  SAME  WITH 

F32  6 

5D  00F3 

EOR      DNIBL,X 

F329 

9  9  0002 

STA      NBUF1,Y       ;  NIBBLE  BUFFER  1 

F32C 

C8 

INY                   ;  DO  ALL  256  BYTES 

F32D 

D0F4 

BNE      PNIBL2 

F32F 

A6  96 

LDX      CKSUM         ;  MAKE  SURE  CHECK  SUM  MATCHES 

F331 

5D  00F3 

EOR      DNIBL,X       ;  BETTER  BE  ZERO 

F334 

D0ie 

BNE      POSTERR       ;  BRANCH  IF  IT  IS 

F336 

A2  56 

POSTl       LDX      #56           ;  INIT  NBUF2  INDEX 

F338 

CA 

P0ST2       DEX                   ;  NBUF  IDX  $55  TO  $00 

F339 

30FB 

BMI      POSTl         ;  WRAPAROUND  IF  NEG 

F33B 

B9  0002 

LDA      NBUF1,Y 

F33E 

5E  0203 

LSR      NBUF2,X       ;  SHIFT  2  BITS  FROM 

F341 

2A 

ROL      A             ;  CURRENT  NBUF2  NIBL 

F342 

5E  0203 

LSR      NBUF2,X       ;  CURRENT  NBUFl 

F345 

2A 

ROL      A             ;  NIBL. 

F34  6 

91  9B 

STA      (BUF),Y       ;  BYTE  OF  USER  DATA 

F348 

C8 

INY                   ;  NEXT  USER  BYTE 

F349 

D0ED 

BNE      P0ST2 

F34B 

18 

CLC                   ;  GOOD  DATA 

F34C 

F34C 

POSTERR     .EQU     * 

F34C 

AD  DFFF 

SETIMEG     LDA      ENVIRON 

F34F 

09  80 

ORA      #ONEMEG       ;  SET  TO  ONE  MEGAHERTZ  CLOCK  RATE 

F351 

8D  DFFF 

STA      ENVIRON 

F354 

60 

SEV         RTS                   ;  (SEV  USED  TO  SET  VFLAG) 

F355 

F355 

************************** 

F355 

* 

F355 

6-BIT  TO  7-BIT       * 

F355 

NIBL  CONVERSION  TABLE   * 

F355 

* 

F355 

i************************* 

F355 

* 

F355 

CODES  WITH  MORE  THAN   * 

F355 

ONE  PAIR  OF  ADJACENT   * 

F355 

ZEROES  OR  WITH  NO     * 

F355 

ADJACENT  ONES  {EXCEPT  * 

F355 

B7)  ARE  EXCLUDED.    * 

F355 

* 

F355 

************************** 

F355 

F355 

96  97  9A  9B  9D 

9E  9F   NIBL    .BYTE  96, 97, 9A, 9B, 9D, 9E, 9F, 0A6, 0A7, 0AB, 0AC, 0AD, 0AE, 0AF, 0B2, 0B3, 0B4 , 0B5 

F35C 

A6  A7  AB  AC  AD 

AE  AF 

F363 

B2  B3  B4  B5 

F367 

B6  B7  B9  BA  BB 

BC  BD          .BYTE  0B6, 0B7, 0B9, 0BA, 0BB, 0BC, 0BD, 0BE, 0BF, 0CB, 0CD,  0CE, 0CF,  003,  0D6,  0D7 

F36E 

BE  BF  CB  CD  CE 

CF  D3 

F375 

D6  D7 

F377 

D9  DA  DB  DC  DD 

DE  DF          .BYTE  0D9, 0DA, 0DB, 0DC, 0DD, 0DE, 0DF, 0E5, 0E6, 0E7, 0E9,  0EA, 0EB,  0EC,  0ED,  0EE 

F37E 

E5  E6  E7  E9  EA 

EB  EC 

F385 

ED  EE 

F387 

EF  F2  F3  F4  F5 

F6  F7          .BYTE  0EF, 0F2, 0F3, 0F4 , 0F5, 0F6, 0F7, 0F9, 0FA, 0FB, 0FC, 0FD, 0FE, 0FF 

F38E 

F9  FA  FB  FC  FD 

FE  FF 

F395 

F395 

A************************* 

r395 

* 

F395 

7-BIT  TO  6-BIT       * 

F395 

'DENIBLIZE'  TABL      * 

F395 

(16-SECTOR  FORMAT)    * 

F395 

* 

F395 

VALID  CODES        * 

F395 

$96  TO  SFF  only.      * 

F395 

* 

F395 

* 

F395 

CODES  WITH  MORE  THAN   * 

F395 

ONE  PAIR  OF  ADJACENT   * 

F395 

ZEROES  OR  WITH  NO 

F395 

ADJACENT  ONES  {EXCEPT  * 

F395 

BIT  7)  ARE  EXCLUDED   * 

F395 

************************** 

F395 

F395 

F300 

DNIBL       .EQU     REGRWTS+300 

F395 

01  00  01 

.BYTE    01,00,01 

F398 

98  99  02  03  9C 

04  05              .BYTE    98, 9 9, 02, 03, 9C,04, 05, 06, 0A0, 0A1, 0A2, 0A3, 0A4,  0A5,  07 , 08,  0A8 

F39F 

06  A0  Al  A2  A3 

A4  A5 

F3A6 

07  08  A8 

F3A9 

A9  AA  09  0A  0B 

0C  0D              .BYTE    0A9,0AA,09,0A,0B,0C,0D,0B0,0B1,0E,0F,10, 11,12,13,0B8,14,15 

F3B0 

B0  Bl  0E  0F  10 

11  12 

F3B7 

13  B8  14  15 

F3BB 

16  17  18  19  lA 

.BYTE    16,17, 18, 19, lA 

X 3097V 
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F3C0 
F3C7 
F3CE 
F3D0 
F3D7 
F3DE 
F3E2 
F3E9 
F3F0 
F3F4 
F3FB 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F400 
F402 
F404 
F406 
F408 
F40A 
F40C 
F40E 
F40F 
F411 
F413 
F415 
F417 
F419 
F41B 
F41D 
F41F 
F421 
F423 
F425 
F427 
F429 
F42A 
F42B 
F42E 
F431 
F434 
F436 
F437 
F43A 
F43D 
F440 


DE  AA 
C7  C8 
ID  IE 
D0  Dl 
21  D8 
27  28 
E2  E3 
2C  2D 
F0  Fl 
35  36 
3B  3C 


EB  FF 
C9    CA 

D2  IF 
22   23 

E0  El 
E4  2  9 
2E  2F 
33  34 
37  38 
3D    3E 


C4    C5    C6 
IB   CC    IC 


D4    D5    20 
24    25    26 


2A   2B    E8 
30    31    32 


F8    39    3A 
3F 


85  9E 
C5  8C 
F04  2 
A9  00 
85  95 
A5  8C 
85  90 
38 

E5    9E 
F031 
800  6 
4  9    FF 
E6    8C 
9004 
6  9    FE 
C6    8C 
C5    95 
9002 
A5    95 
C9    09 
B002 
A8 
38 

20   48F4 
B9    67F4 
20   56F4 
A5    9D 
18 

20  4AF4 
B9  70F4 
20  56F4 
E6    95 


iITSLIPHK       .BYTE  0DE,  0AA,  0EB,  0FF,  0C4,  0C5,  0C6,  0C7,  0C8,  0C9,  0CA,  1B,0CC,1C,  ID,  IE 

.BYTE  000, 0D1,0D2, IF, 0D4, 005,20,21, 008,22,23, 2 4, 25, 2 6, 27,28, 0E0,0E1 

.BYTE  0E2,0E3,0E4,29,2A,2B,0E8,2C,2D,2E,2F,30,31,32,0F0,0F1,33,34 

-BYTE  35,36,37,3  8,0F8,  39,  3A,  3B,  3C,  3D,  3E,  3F 

* 

FAST  SEEK  SUBROUTINE   * 

* 

ON  ENTRY * 

* 

X-REG  HOLDS  SLOTNUM    * 
TIMES  $10       * 

A-REG  HOLDS  DESIRED    * 
HALFTRACK.      * 

CURTRK  HOLDS  DESIRED   * 
HALFTRACK.     * 

A 

ON  EXIT * 

* 
A-REG  UNCERTAIN.  * 
Y-REG  UNCERTAIN.  * 
X-REG  UNDISTURBED.     * 

* 

CURTRK  AND  TRKN  HOLD   * 
FINAL  HALFTRACK.   * 

PRIOR  HOLDS  PRIOR  * 
HALFTRACK  IF  SEEK  * 
WAS  REQUIRED.        * 

MONTIMEL  AND  MONTIMEH  * 

ARE  INCREMENTED  BY  * 

THE  NUMBER  OF  * 

100  USEC  QUANTUMS  * 

REQUIRED  BY  SEEK  * 

FOR  MOTOR  ON  TIME  * 

OVERLAP .  * 
* 

VARIABLES  USED  * 

CURTRK,  TRKN,  COUNT,  * 
PRIOR,  SLOTTEMP  * 
MONTIMEL,  MONTIMEH   * 


*****: 


■**tlll***A** 


SEEK 

STA 

TRKN 

CMP 

CURTRK 

BEQ 

SETPHASE 

LDA 

«00 

STA 

TRKCNT 

SEEK2 

LDA 

CURTRK 

STA 

PRIOR 

SEC 

SBC 

TRKN 

BEQ 

SEEKEND 

BCS 

OUT 

EOR 

#0FF 

INC 

CURTRK 

BCC 

MINTST 

OUT 

ADC 

#0FE 

DEC 

CURTRK 

MINTST 

CMP 

TRKCNT 

BCC 

MAXTST 

LDA 

TRKCNT 

MAXTST 

CMP 

#09 

BCS 

STEP  2 

STEP 

TAY 
SEC 

STEP  2 

JSR 

SETPHASE 

LDA 

ONTABLE, Y 

JSR 

MS WAIT 

LDA 

PRIOR 

CLC 

JSR 

CLRPHASE 

LDA 

OFFTABLE.Y 

JSR 

MS WAIT 

INC 

TRKCNT 

SAVE  TARGET  TRACK 
ON  DESIRED  TRACK? 
YES,  ENERGIZE  PHASE  AND  RETURN 

HALFTRACK  COUNT. 
SAVE  CURTRK  FOR 
DELAYED  TURN  OFF. 

DELTA-TRACKS. 

BR  IF  CURTRK=DESTINATION 

(MOVE  OUT,  NOT  IN) 
CALC  TRKS  TO  GO. 
DECR  CURRENT  TRACK  (OUT) 

(ALWAYS  TAKEN) . 
CALC  TRACKS  TO  GO. 
DECR  CURRENT  TRACK  (OUT) 

AND  'TRKS  MOVED' 


IF  TRKCNT>$08  LEAVE  Y  ALONE  (Y=$08) 
ELSE  SET  ACCELERATION  INDEX  IN  Y 


;  FOR  'ONTIME' 

;  {100  USEC  INTERVALS) 

;  FOR  PHASE  OFF 

;  TURN  OFF  PRIOR  PHASE 

;  THEN  WAIT  'OFFTIME' 

;  (100  USEC  INTERVALS) 

;  'TRACKS  MOVED'  COUNT, 
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F442I  D0C6 

BNE      SEEK2         ;  (ALWAYS  TAKEN) 

F444I  20   56F4 

3EEKEND     JSR      MSWAIT        ;  SETTLE  25  MSEC 

F447I  18 

CLC                   ;  SET  FOR  PHASE  OFF 

F448I  A5  8C 

3ETPHASE    LDA      CORTRK        ;  GET  CURRENT  TRACK 

F44AI  29  03 

:LRPHASE    and      #03           ;  MASK  FOR  1  AND  4  PHASES 

F44CI  2A 

ROL      A             ;  DOUBLE  FOR  PHASE  ON /OFF  INDEX 

F44DI  05  81 

ORA      IBS LOT 

F44FI  AA 

TAX 

F450I  BD  80C0 

LDA      PHAEEOFF,X    ;  TURN  ON/OFF  ONE  PHASE 

F453I  A6  81 

LDX      IBSLOT        ;  RESTORE  X-REG 

F455I  60 

3EEKRTS     RTS                   ;  AND  RETURN 

F456I 

F456I 

'**i<Ai,*iiii***ii******i,i,*iii,*i,iti, 

F456I 

* 

F4561 

MSWAIT  SUBROUTINE      * 

F456i 

* 

F456I 

F456I 

* 

F456I 

DELAYS  A  SPECIFIED      * 

F456I 

NUMBER  OF  100  USEC     * 

F456I 

INTERVALS  FOR  MOTOR    * 

F456I 

ON  TIMING              * 

F456I 

* 

F456I 

ON  EXIT * 

F456I 

« 

F456I 

A-REG  HOLDS  $00         * 

F456I 

X-REG  HOLDS  $00         * 

F456I 

Y-REG  UNCHANGED         * 

F456I 

CARRY  SET               * 

F456I 

* 

F456I 

MONTIMEL,  MONTIMEH      * 

F456I 

ARE  INCREMENTED  ONCE   * 

F456I 

PER  100  USEC  INTERVAL  * 

F456I 

FOR  MOTOR  ON  TIMING    * 

F456I 

* 

F4561 

ASSUMES  * 

F4561 

* 

F456I 

1  USEC  CYCLE  TIME      * 

F456I 

A 

F456I 

******  ******  *************** 

F456I 

F456I  A2  11                  MSWAIT      LDX      #11 

F458I  CA                     MSWl        DEX                   ;  DELAY  86  USEC 

F459I  D0FD 

BNE      MSWl 

F45BI  E6  99 

INC      MONTIMEL 

F45DI  D002 

BNE      MSW2          ;  DOUBLE  BYTE  INCREMENT 

F45FI  E6  9A 

INC      MONTIMEH 

F4611  38                     MSW2        SEC 

F462I  E9  01 

SBC      #01           ;  DONE  IN  INTERVALS 

F4  64!  D0F0 

BNE      MSWAIT        ;  (A-REG  COUNTS) 

F466I  60 

RTS 

F467I 

F46?i 

************************* 

F467I 

* 

F467I 

PHASE  ON-,  OFF-TIME    * 

F467I 

TABLES  IN  100-USEC    * 

F467I 

INTERVALS.  (SEEK)     * 

F467I 

* 

F467! 

************************* 

F467I 

F467I  01  30  28  24  20  IE  ID   ONTABLE     .BYTE    01 , 30. 28. 24, 20, IE,  ID.  IC,  IC 

F46EI  IC  IC 

F470I  70  2C  26  22  IF  IE  ID   OFFTABLE    .BYTE    70, 2C, 26 , 22, IF, IE, ID, IC, IC 

F477I  IC  IC 

F479I 

F47  9I  8  6  83                  BLOCKIO     STX      IBTRK 

F47BI  A0  05 

LDY      #05 

F47DI  48 

PHA 

F47EI  0A                     TRKSEC      ASL      A 

F47FI  26  83 

ROL      IBTRK 

F481I  88 

DEY 

F482I  D0FA 

BNE      TRKSEC 

F484I  68 

FLA 

F485I  29  07 

AND      #07 

F487I  AS 

TAY 

F488I  B9  A0F4 

LDA      SECTABL,Y 

F48BI  85  84 

STA      IBSECT 

F48DI  20  00F0 

JSR      REGRWTS 

F490I  B00B 

BCS      QUIT 

F492I  E6  86 

INC      IBBUFP+1 

F494I  E6  84 

INC      IBSECT 

F496I  E6  84 

INC      IBSECT 

F498I  20  00F0 

JSR      REGRWTS 

F49BI  C6  86 

DEC      IBBUFP+1 

F4  9DI  A5  88                  QUIT        LDA      IBSTAT 

F4  9FI  60 

RTS 

F4A0I 

F4A0I  00  04  08  0C  01  05  09 

3ECTABL     . BYTE    00, 04 , 08 , 0C, 01 , 05, 09 , 0D 

F4A7I  00 

J4A8I 

******************************* 

<3103v 

"APPLE_PAT_4_383_296_C_1 4"  1 56  KB  2000-02-28  dpi:  300h  x  SOOv  pix:  2337h ) 

David  T  Craig  •  21  Febri 

jary2004                          |  Page  0127  of  0 

515 

Apple  Computer  Selected  Patents 


10/31/89  9:56 


HD:Apple  ///:ROM  -  Disk  I/O 


Page  13 


F4A8I 

* 

F4A8I 

JOYSTICK  READ  ROUTINE 

* 

F4A8I 

* 

F4A8I 

F4A8I 

ENTRY 

ACC=  COUNT  DOWN  HIGH  * 

F4A8I 

XSY=  DON- 

T  CARE 

* 

F4A8I 

* 

F4A8I 

EXIT 

ACC=  TIMER  HIGH  BYTE  * 

F4A8I 

Y=  TIMER  LOW  BYTE 

F4A8I 

CARRY  CLEAR 

F4A8I 

F4A8I 

IF  CARRY  SET, 

ROUTINE 

F4A8I 

WAS  INTERRUPTED  & 

F4A8I 

ACC  S  Y  ARE 

INVALID 

F4A8I 

******************************* 

F4A8I 

F4A8I  FFD9 

TIMLATCH 

-EQU 

0FFD9 

F4A8I  FFD8 

TIMERIL 

-EQU 

0FFD8 

F4A8I  FFD9 

TIMERIH 

-EQU 

0FFD9 

F4A8I  C066 

JOYRDY 

.EQU 

0C06  6 

F4A8I 

F4A8I  F4A8 

ANALOG 

-EQU 

* 

;  CARRY 

SHOULD  BE 

SET! 

F4A8I  8D 

D9FF 

STA 

TIMLATCH 

;  START 

THE 

TIMER 

F4ABI  AD 

EFFF 

ANLOGl 

LDA 

INTERUPT 

F4AEI  2D 

66C0 

AND 

JOYRDY 

;  WAIT  FOR  ONE  OR 

THE  OTHER 

TO  GO  LOW 

F4B1I  30F8 

BMI 

ANLOGl 

F4B3I  AD 

66C0 

LDA 

JOYRDY 

;  WAS  IT 

REALLY  THE  JOPYSTICK? 

F4B6I  300C 

BMI 

GOODTIME 

;  NOPE, 

HHAT   TIME 

IS  IT? 

F4B8I  18 

CLC 

;  TIME'S 

A  SLIP  SLIDIN  AWAY 

F4B9I  AD 

D9FF 

LDA 

TIMERIH 

;  NOW,  WHAT 

TIME  IS  IT? 

F4BCI  AC 

D8FF 

LDY 

TIMERIL 

F4BFI  1003 

BPL 

GOODTIME 

;  TIME  WAS  VALID! 

F4C1I  AD 

D9FF 

LDA 

TIMERIH 

;  HI  BYTE  CHANGED 

F4C4I  60 

GOODTIME 

RTS 

F4C5I 

F4C5I 

.END 

SYMBOL  TABLE  DUMP 

AB  -  Absolute 

LB  -  Label 

UD  - 

Undefined 

MC  -  Macro 

RF  -  Ref 

DF  -  Def 

PR  - 

Proc 

FC  -  Func 

PB  -  Public 

PV  -  Priva 

:e 

CS  - 

Consts 

ALDONEl 

LB 

F0EB 

ALLDONE 

LB 

F0E3 

ALLOFF 

LB 

F118 

ANALOG 

LB 

F4A8 

ANLOGl 

LB 

F4AB  1 

BITSLIPH 

LB 

F3C0 

BLOCK 10 

LB 

F479 

BUF 

AB 

009B 

CHKDRV 

LB 

F12B 

CHKDRVl 

LB 

F12D  1 

CHKINT 

LB 

FIAA 

CKDRTS 

LB 

F13D 

CKSUM 

AB 

0096 

CLRPHASE 

LB 

F44A 

CONWAIT 

LB 

F054  1 

CORRECTV 

LB 

F0C4 

COUNT 

AB 

0095 

CSSTV 

AB 

0097 

CSUM 

AB 

0089 

CSUMl 

AB 

0097  1 

CURTRK 

AB 

008  C 

DISKIO 

PR 



DNIBL 

LB 

F300 

DRIVSEL 

LB 

F035 

DRV 1 EN 

AB 

C08B  1 

DRVERR 

LB 

F0E8 

DRVINDX 

LB 

F13E 

DRVOEN 

AB 

C0BA 

DRVOTRK 

AB 

0085 

DRVWAIT 

LB 

F041  1 

DVMOT 

AB 

00E0 

ENVIRON 

AB 

FFDF 

ENVTEMP   AB 

009F 

GOCAL 

LB 

F0A7 

GOCAL 1 

LB 

F0A6  1 

GOODTIHE 

LB 

F4C4 

GOSEEK 

LB 

F115 

GOSERV 

LB 

F1B4 

HNDLERR 

LB 

F0EA 

HRDERRS 

AB 

0080  1 

IBBUFP 

AB 

0085 

IBCMD 

AB 

0087 

IBDERR 

AB 

0082 

IBDRVN 

AB 

0082 

IBNODRV 

AB 

0080  1 

IBRERR 

AB 

0083 

IBSECT 

AB 

0084 

IBSLOT 

AB 

0081 

IBSMOD 

AB 

0089 

IBSTAT 

AB 

0088  1 

IBTRK 

AB 

0083 

IBWPER 

AB 

0081 

IMASK 

AB 

008B 

INTERUPT 

AB 

FFEF 

lOBPDN 

AB 

008A  1 

JOYRDY 

AB 

C06  6 

LAST 

AB 

0095 

MAXTST 

LB 

F425 

MINTST 

LB 

F41F 

MONTIMEH 

AB 

00  9  A  1 

MONTI MEL 

AB 

009  9 

MOTOF 

LB 

F052 

MOTOROFF  AB 

C088 

MOTORON 

AB 

C089 

MSWl 

LB 

F458  1 

MSW2 

LB 

F461 

MSWAIT 

LB 

F456 

MYSEEK 

LB 

F104 

NBUFl 

AB 

0200 

NBaF2 

AB 

0302  1 

NIBL 

LB 

F355 

NODRIVER 

LB 

F064 

NOWRITE   LB 

F2A3 

NXOFF 

LB 

FUA 

OFF TABLE 

LB 

F470  1 

OK 

LB 

F048 

ONE MEG 

AB 

0080 

ONTABLE   LB 

F467 

OUT 

LB 

F41B 

PHASEOFF 

AB 

C080  i 

PHASEON 

AB 

C081 

PHASON 

AB 

C081 

PHSOFF 

AB 

C080 

PNIBLl 

LB 

F314 

PNIBL2 

LB 

F323  i 

POSTl 

LB 

F336 

P0ST2 

LB 

F338 

POSTERR   LB 

F34C 

POSTNIBl 

LB 

F30F 

PRENIBl 

LB 

F2C8  1 

PRENIB16 

LB 

F2C4 

PRENIB2 

LB 

F2E5 

PRENIB3   LB 

F2E2 

PRENIB4 

LB 

F2F6 

PRIOR 

AB 

009D  1 

Q6H 

AB 

C08D 

Q6L 

AB 

C08C 

Q7H 

AB 

C08F 

Q7L 

AB 

C08E 

QUIT 

LB 

F49D  1 

RDl 

LB 

F14D 

RD2 

LB 

F157 

RD3 

LB 

F163 

RD4 

LB 

F16E 

RD5 

LB 

F180  1 

RD5A 

LB 

F181 

RD6 

LB 

F195 

RDAl 

LB 

F1C4 

RDA2 

LB 

FICE 

RDA3 

LB 

F1D9  1 

RDA4 

LB 

riE7 

RDA5 

LB 

FIEF 

RDA6 

LB 

F201 

RDA7 

LB 

F20B 

RDADR16 

LB 

F1B9  1 

RDAFLD 

LB 

F1E5 

RDASNl 

LB 

F1C9 

RDASYN 

LB 

FIBD 

RDCKSDM 

LB 

F1A0 

RDERR 

LB 

F1B7  1 

RDEXIT 

LB 

F214 

RDRIGHT 

LB 

F0AC 

READl 6 

LB 

F148 

REGRWTS 

LB 

F000 

RETRYCNT 

AB 

0093  1 

RSYNC 

LB 

F14A 

RSYNCl 

LB 

F152 

RTTRK 

LB 

F0C0 

SECT 

AB 

0098 

SECTABL 

LB 

F4A0  i 

SEEK 

LB 

F400 

SEEKl 

LB 

F105 

SEEK2 

LB 

F40A 

SEEKCNT 

AB 

0094 

SEEKEND 

LB 

F444  1 

SEEKRTS 

LB 

F455 

SERVICE 

LB 

F2AA 

SET 1 MEG   LB 

F34C 

SETPHASE 

LB 

F44a 

SETTRK 

LB 

F125  1 

SEV 

LB 

F354 

STEP 

LB 

F429 

STEP2 

LB 

F42B 

TEMP 

AB 

0097 

TIMERIH 

AB 

FFD9  1 

TIMERIL 

AB 

FFD8 

TIMLATCH 

AB 

FFD9 

TRACK 

AB 

009  9 

TRKCNT 

AB 

0095 

TRKN 

AB 

009E  1 

TRKNl 

AB 

009  9 

TRKSEC 

LB 

F47E 

TRYADR 

LB 

F083 

TRYADR2 

LB 

F08A 

TRYTRK 

LB 

F06  9  1 

TRYTRK2 

LB 

F07F 

TWOMEG 

AB 

007  F 

VOLUME 

AB 

009A 

VRYFRST 

LB 

F253 

WDATA2 

LB 

F26E  1 

WDATA3 

LB 

F27E 

WEXIT 

LB 

F215 

WINTRPT   LB 

F24B 

WMIDLE 

LB 

F267 

WNIBL 

LB 

F2BD  1 

WNIBL7 

LB 

F2BB 

WNIBL9 

LB 

F2BA 

WNTRPTl   LB 

F264 

WRBITSLM 

LB 

F297 

WRCKSUM 

LB 

F292  1 

WRIT 

LB 

F0F9 

WRITl 

LB 

F220 

WRITE 16   LB 

F216 

WRTFRST 

LB 

F255 

WSYNC 

LB 

F22D  1 

Assembly  complete:       1076  lines 
0   Errors  flagged  on  this  Assembly 


6502  OPCODE  STATIC  FREQUENCIES 


ADC 
AND 


:****** 
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ASL 

3 

** 

BCC 

10 

******** 

BCS 

7 

****** 

BEQ 

8 

BIT 

3 

** 

BMI 

10 

******** 

BNE 

38 

********************************* 

BPL 

28 

************************ 

BVC 

1 

m 

CLC 

9 

CLI 

* 

CLV 

m 

CMP 

14 

CPX 

m 

CPY 

*** 

DEC 

5 

**** 

DEX 

2 

* 

DEY 

13 

EOR 

8 

******* 

INC 

10 

I  NX 

2 

* 

I  NY 

12 

********** 

JMP 

2 

* 

JSR 

39 

********************************** 

LDA 

86 

M 

*************************************************************************** 

LDX 

12 

********** 

LDY 

18 

*************** 

LSR 

9 

NOP 

13 

*********** 

ORA 

9 

******* 

PHA 

10 

******** 

PHP 

4 

PLA 

11 

PLP 

3 

** 

ROL 

7 

****** 

ROR 

6 

***** 

RTS 

16 

************** 

SBC 

2 

SEC 

9 

******* 

SEI 

1 

m 

STA 

42 

************************************ 

STX 

1 

m 

STY 

3 

** 

TAX 

5 

**** 

TAY 

3 

** 

TXA 

1 

m 

TYA 

4 

1 

**  * 

Minlt 

num   fre 

quency   =          1 

Maximum   frequency   =        86 

Avert 

ige    fre 

quency   =        10 

Unusf 

3d  opcodes 

BRK 

BVS      CLD 

RTI       SED      TSX      TXS 

Prog 

ram  opcode 

usage:       87    % 

(1.00)    Tl 

lat's   a 

11, 

Folks    ... 

1. 
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0000 

^4*444444444444444^444444444444444444444414444444444444 

0000 

4  APPLE    ///    ROM  -   DIAGNOSTIC  ROUTINES 

0000 

4   COPYRIGHT    1979   BY  APPLE   COMPUTER,     INC. 

0000 

#ii«4<<#tfitM<tftftf#tftftftf#iltftfMtf«tf##MtftfittfM«#tf«iltf4i#<Mtf4tf 

0000 

0000 

.ABSOLUTE 

0000 

.PROC         SARATESTS 

0000 

0000 

/•***k*kAA*itii***-k****i,i,**iii,*1,ii**1,i,i,i,*k*****i<**ii**icii**k**i,ii****i,*1,iii,*i, 

0000 

0000 

SARA   DIAGNOSTIC   TEST   ROUTINES                                                               ,         .              I 

0000 

\A  P^wv  n  -r 

0000 

DECEMBER    18.1979   ^                                                                                     Uw         'Wll  C 

0000 

0000 

BY                       — '—                                                         ^                       » 

W.    BROEDNER    £    R.    LASHLEY                                        *"»n                             " — ^^ 

0000 

"^--y 

0000 

COPYRIGHT    197  9    BY  APPLE   COMPUTER,     INC.                                                                                       / 

0000 

/ 

0000 

********************************************************************      / 

0000 

/ 

0000 

0001                                                ROM                      .EQU           01                                                                                                                        / 

0000 

0000                                               2RPG                    .EQU           00                                                                                                                   / 

0000 

0010                                               ZRPGl                 .EQU           10                                                                                                              / 

0000 

0018                                               PTRLO                 .EQU           ZRPGl +08                                                                                           / 

0000 

0019                                               PTRHI                 .EQU           ZRPGl+09                                                                                       / 

0000 

001 A                                               BNK                      .EQU           ZRPG1+0A                                                                                   / 

0000 

008  7 

[BCMD                 .EQU           87                                                                                              )/ 

0000 

008  5 

[BBUFP               .EQU           85 

0000 

0091                                                PREVTRK            .EQU            91                                                                                                  /       /»/'                     ^ 
F47  9                                               BLOCK  10            .EQU           0F4  7  9                                                                                         JTl  *^                       Ju 
005D                                               CV                        .EQU           5D                                                                               ■<)      *pft                             cC^ 
00FF                                               STK0                    .EQU           0FF                                                                              TSY^                 1      .    A  l^^ 

0000 

0000 

0000 

0000 

1419 

[BNK                    .EQU           1400+PTRHI                                                           Y                      A  JO    * 

>HPR                   .EQU           1800+ZRPGl                                                              ,         /  ,>-      (V                  j-/» 

(YBD                    .EQU           0C000                                                                          l/i'   fil                   /       \(h^^ 

0000 

1810                                               t 

0000 

C000                                               I 

0000 

C008                                               KEYED                 .EQU           0C008                                                                           l*^  "         .          ^1^' 

0000 

C010                                               KBDSTRB            .EQU           0C010                                                                          *                 U  lA^*^ 

0000 

C05  8                                               PDLEN                 .EQU           0C058                                                                             rj             ft' 

0000 

C04  7                                               ADRS                    .EQU           0C04  7                                                                          A  kL^ 

0000 

C050                                               GRMD                    .EQU           0C050                                                                            [V^           t 

0000 

C051                                                TXTMD                 .EQU           0C051                                                                             *   i-i              'L^ 

0000 

C066                                               ADTO                    .EQU           0C066                                                                                U         ^    v"'^ 

0000 

Cm0                                               DISKOFF            .EQU           0C0D0                                                                               T-^                        ./^ 

0000 

C0F1                                                ACIAST               .EQU           0C0F1                                                                               yMf                        //B 

0000 

C0F2                                                ACIACM              .EQU           0C0F2                                                                                 ^                 1           /^ 
C0F3                                               ACIACN              .EQU           0C0F3                                                                                      I           \p. 
C100                                               SLTl                    .EQU           0C100                                                                                     IV  (>?*'           /     ^ 
C200                                               SLT2                    .EQU           0C200                                                                                     fX  1              J'i^ 

0000 

0000 

0000 

0000 

C300                                               SLT3                    .EQU           0C300                                                                                     '       '        .^"^^ 
C400                                               SLT4                    .EQU           0C400                                                                                        ^^Vt^t                 ri-i 
CFFF                                               EXPROM              .EQU           0CFFF                                                                                       VV^  1      1        Ia)'^ 
FFD0                                               ZPREG                 .EQU           0FFD0                                                                                       ^       .     ^  W^ 
FFDF                                               SYSDl                 .EQU           0FFDF                                                                                              rM^             jf     f  ** 
FFD2                                                SYSD2                 .EQU           0FFD2                                                                                           fj  P'               /f      * 

0000 
0000 

0000 

0000 

0000 

0000 

FFD3                                                SYSD3                 .EQU           0FFD3                                                                                                     (      ^sBiT                   ^ 
FFE0                                               SYSE0                 .EQU           0FFE0                                                                                             k*  1^'**                     fl  fc  7 
FFEF                                               BNKSW                 .EQU           0FFEF                                                                                             /^  *                           I^V 
FFE2                                                SYSE2                 .EQU           0FFE2                                                                                                                         ^    ^ 
FFE3                                                SYSE3                 .EQU           0FFE3                                                                                                 J              aYi 
FC25                                               COUT                    .EQU           0FC25                                                                                             /I      ^l/,'^       ' 
FD07                                                CROUTl               .EQU           0FD07                                                                                                   1  A' 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

FD0F                                               KEYIN                 .EQU           0FD0F                                                                                              (J 

0000 

FBC7                                                SETCVH               .EQU           0FBC7 

0000 

FD98                                                CLDSTRT            .EQU           0FD98 

0000 

FD9D                                               SETUP                 .EQU           0FD9D 

0000 

F901                                                MONITOR            .EQU           0F901 

0000 

0000 

.ORG           0F4C5 

F4C5 

00   Bl    B2    BA  B9    10   00      RAMTBL               .BYTE         00, 0B1 , 0B2 , 0BA, 0B9, 10, 00, 13 

F4CC 

13 

F4CD 

F4CD                                               CHPG                    .EQU 

F4CD 

52    41 

.ASCII        "RA" 

F4CF 

CD 

.BYTE         0CD                           ;    M 

F4D0 

52    4F 

.ASCII       "RO" 

F4D2 

CD 

.BYTE         0CD                           ;    M 

F4D3 

56    49 

.ASCII       "VI" 

F4D5 

CI 

.BYTE         0C1                           ;    A 

F4D6 

41    43    49 

.ASCII       "ACI" 

F4D9 

CI 

.BYTE         0C1                           ;    A 

F4DA 

41    2F 

.ASCII       "A/" 

F4DC 

C4 

.BYTE         0C4                           ;    D 

F4DD 

44    49    41    47    4E    4F    53 

.ASCII       "DIAGNOSTI" 

F4E4 

54    49 

F4E6 

C3 

.BYTE         0C3                           ;    C 

F4E7 

5A 

.ASCII       "Z" 

F4E8 

D0 

.BYTE         0D0                           ;    P 

F4E9 

52    45    54    52 

.ASCII       "RETR" 

F4ED 

D9 

.BYTE         0D9                           ;    Y 

F4EE 

F4EE 

SETUP    SYSTEM 
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F4EEI 

. 

F4EEI 

- 

F4EEI  A9  53 

LDA     #52+ROM 

TURN  OFF  SCREEN,  SET  2MH2  SPEED 

F4F0I  8D  DFFF 

STA     SYSDl        ; 

AND  RUN  OFF  ROM 

F4F3I  A2  00 

LDX      #00           ; 

SET  BANK  SWITCH  TO  ZERO 

F4F5I  8E  E0FF 

STX    sysE0 

F4F8I  8E  EFFF 

STX      BNKSW 

F4FBI  8E  D0FF 

STX      2PREG         ;  AND  SET  ZERO  PAGE  SAME 

F4FEI  CA 

DEX 

F4FFI  BE  D2FF 

STX      SYSD2         ;  PROGRAM  DDR'S 

F502I  8E  D3FF 

STX      SYSD3 

F505I  9A 

TXS 

F506I  £8 

I  NX 

F507I  A9  0F 

LDA      #0F 

F509I  8D  E3FF 

STA      SYSE3 

F50CI  A 9  3F 

LDA      #3F 

F50EI  8D  E2FF 

STA      SYSE2 

F511I  A0  0E 

LDY      «0E 

F513I  B9  D0C0 

DISKl       LDA      DISKOFF,Y 

F516I  88 

DEY 

F517I  88 

DEY 

F518I  10F9 

BPL      DISKl 

F51AI  AD  08C0 

LDA      KEYED 

F51DI  29  04 

AND      #04 

F51FI  D003 

BNE      NXBYT 

F521I  4C  86F6 

JMP      RECON 

F524I 

F524I 

■  VERIFY  ZERO  PAGE 

F524I 

F524 1  A9  01 

NXBYT       LDA      #01 

ROTATE  A  1  THROUGH 

F526I  95  00 

NXBIT       STA      ZRPG,X 

EACH  BIT  IN  THE  0  PG 

F528I  D5  00 

CMP      ZRPG,X 

TO  COMPLETELY  TEST 

F52AI  D0FE 

NOGOOD      BNE      NOGOOD 

THE  PAGE.  HANG  IF  NOGOOD. 

F52CI  0A 

ASL      A 

TRY  NEXT  BIT  OF  BYTE 

F52DI  D0F7 

BNE      NXBIT 

UNTIL  BYTE  IS  ZERO. 

F52FI  E8 

INX 

CONTINUE  UNTIL  PAGE 

F530I  D0F2 

BNE      NXBYT 

IS  DONE. 

F532I  8A 

CNTWR       TXA 

PUSH  A  DIFFERENT 

F533I  48 

PHA 

BYTE  ONTO  THE 

F534I  E8 

INX 

STACK  UNTIL  ALL 

F535I  D0FB 

BNE      CNTWR 

STCK  BYTES  ARE  FULL. 

F537I  CA 

DEX 

THEN  PULL  THEM 

F538I  86  18 

STX      PTRLO 

OFF  AND  COMPARE  TO 

F53AI  68 

PULBT       PLA 

THE  COUNTER  GOING 

F53BI  C5  18 

CMP      PTRLO 

BACKWARDS.  HANG  IF 

F53DI  D0EB 

BNE      NOGOOD 

THEY  DON'T  AGREE. 

F53FI  C6  18 

DEC      PTRLO 

GET  NEXT  COUNTER  BYTE 

F5411  D0F7 

BNE      PULBT 

CONTINUE  UNTIL  STACK 

F543I  68 

PLA 

IS  DONE.  TEST  LAST  BYTE 

F544I  D0E4 

BNE      NOGOOD 

AGAINST  ZERO. 

F546I 

F546I 

;  SIZE  IN  MEMORY 

F54  6I 

F54  6I  A2  08 

LDX      #08 

ZERO  THE  BYTES  DEED  TO  DISPLAY 

F548I  95  10 

NOMEM       STA      2RPG1,X 

THE  BAD  RAM  LOCATIONS 

F54AI  CA 

DEX 

EACH  BYTE=  A  CAS  LINE 

F54BI  10FB 

BPL      NOMEM 

ON  THE  SARA  BOARD. 

F54DI  A2  02 

LDX      #02 

STARTING  AT  PAGE  2 

F54F1  86  19 

NMEMl       STX      PTRHI 

TEST  THE  LAST  BYTE 

F551I  A9  00 

LDA      #00 

IN  EACH  MEM  PAGE  TO 

F553I  A0  FF 

LDY      #0FF 

SEE  IF  THE  CHIPS  ARE 

F555I  91  18 

STA      (PTRLO),  Y 

THERE.. (AVOID  0  &  STK  PAGES) 

F557I  Dl  18 

CMP      (PTRLO ),Y 

CAN  THE  BYTE  BE  O'D? 

F559I  F007 

BEQ      NMEM2 

F55BI  20  48F7 

JER      RAM 

NO,  FIND  WHICH  CAS  IT  IS. 

F55EI  94  10 

STY      ZRPG1,X 

SET  CORRES.  BYTE  TO  SFF 

F560t  A6  19 

LDX      PTRH I 

RESTORE  X  REGISTER 

F562I  E8 

NMEM2       INX 

AND  INCREMENT  TO  NEXT 

F563I  E0  C0 

CPX      #0C0 

PAGE  UNTIL  I/O  IS  REACHED. 

F565I  D0E8 

BNE      NMEMl 

F567I  A2  20 

LDX      #20 

THEN  RESET  TO  PAGE  20 

F56  9I  EE  EFFF 

INC      BNKSW 

AND  GOTO  NEXT  BANK  TO 

F56CI  AD  EFFF 

LDA      BNKSW 

•  CONTINUE.  (MASK  INPUTS 

F56FI  2  9  0F 

AND      #0F 

■  FROM  BANKSWITCH  TO  SEE 

F571I  C9  03 

CMP      #03 

•  WHAT  SWITCH  IS  SET  TO) 

F573I  D0DA 

BNE      NMEMl 

•  CONTINUE  UNTIL  BANK  '3' 

F575I 

F575I 

;  SETUP  SCREEN 

F575I 

F575I  20  9DFD 

ERRLP       JSR      SETUP 

■  CALL  SCRN  SETUP  ROUTINE 

F578I  A2  00 

LDX      #00 

•  SETUP  I/O  AGAIN 

F57AI  8E  E0FF 

STX      SYSE0 

•  FOR  VIA  TEST 

F57D1  CA 

DEX 

-  PROGRAM  DATA  DIR 

F57EI  8E  D2FF 

STX    sysD2 

■  REGISTERS 

F581I  8E  D3FF 

STX      SYSD3 

F584I  A9  3F 

LDA      #3F 

F586I  8D  E2FF 

STA      SYSE2 

F589I  A9  0F 

LDA      #0F 

F58BI  8D  E3FF 

STA      SYSE3 

F58EI  A2  10 

LDX      #10           ;  HEADING  OF  'DIAGNOSTICS'  WITH                       ^ 

< 3103V 

"APPLE_PAT_4_383_296_C_1 9"  1 96  KB  2000-02-28  dpi:  300h  x  SOOv  pix:  2330h ) 

David  T  Craig  •  21  February  2004                         |  Page  0132  of  0 

515 

Apple  Computer  Selected  Patents 

- 

10/31/89  9:47 

HD:Apple  ///:ROM  -  Sara  Tests                   Page  3 

F590I  20  38F7 

JSR      STRWT         ;  THIS  SUBROUTINE 

F593I  A2  00 

ERRLPl      LDX      #00 

PRINT  'RAM' 

F595I  86  5D 

STX      CV 

SET  CURSOR  TO  2ND  LINE 

F597!  A9  0A 

LDA      #04 

SPACE  CURSOR  OUT  3 

F599I  20  C7FB 

JSR      SETCVH 

(X  STILL=0  ON  RETURN) 

F59C1  20  3BF7 

JSR      STRWT 

THE  SAME  SUBROUTINE 

F59FI  A2  07 

LDX      #07 

FOR  BYTES  7  -  0  IN 

F5A11  F5A1 

RAMWTl      .EQU    * 

F5A1I  B5  10 

LDA      ZRPG1,X 

OUT  EACH  BIT  AS  A 

F5A3I  A0  08 

LDY      #08 

•  '  OR  '1'  FOR  INDICATE  BAD  OR  MISSING  RAM 

F5A5I  0A 

RAMWT2      ASL      A 

CHIPS  SUBROUTINE  'RAM'         RAM 

FSA6I  48 

PHA 

SETS  UP  THESE  BYTES 

F5A7I  A9  AE 

LDA      #0AE 

LOAD  A  ■ . '  TO  ACC . 

F5A9I  9002 

BCC      RAMWT4 

F5ABI  A9  31 

LDA      #31 

LOAD  A  •!•  TO  ACC. 

F5ADI  20  25FC 

RAMWT4      JSR      COUT 

AND  PRINT  IT 

F5B0I  68 

FLA 

RESTORE  BYTE 

F5B1I  88 

DEY 

AND  ROTATE  ALL  8 

F5B2I  D0F1 

BNE      RAMWT2 

TIMES 

F5B4I  20  07FD 

JSR      CROUTl 

CLEAR  TO  END  OF  LINE. 

F5B7I  CA 

DEX 

F5B8I  10E7 

BPL      RAMWTl 

F5BAI 

F5BAI 

;  ZPG  &  STK  TEST 

F5BAI 

F5BAI  9A 

TXS 

F5BBI  8C  EFFF 

STY      BNKSW 

F5BEI  98 

ZPl         TYA 

F5BFI  8D  D0FF 

STA      ZPREG 

F5C2I  85  FF 

STA      STK0 

FSC-II  C8 

INY 

F5C5I  98 

TYA 

F5C6I  48 

PHA 

F5C7I  68 

PLA 

F5C8I  C8 

INY 

F5C9I  C0  20 

CPY      #20 

F5CBI  D0F1 

BNE      ZPl 

F5CDI  A0  00 

LDY      #00 

F5Cr|  8C  D0FF 

STY      ZPREG 

F5D2I  86  18 

STX      PTRLO 

F5D4I  E8 

ZP2         INX 

F5D5I  86  19 

STX      PTRHI 

F5D7I  8A 

TXA 

F5Da|  Dl  18 

CMP      (PTRLO), Y 

F5DAI  D006 

BNE      ZP3 

F5DCI  E0  IF 

CPX      #1F 

F5DEI  D0F4 

BNE      ZP2 

F5E0I  F005 

BEQ      ROMTST 

F5E2I  F5E2 

ZP3         .EQU     *             ;  CHIP  IS  THERE,  BAD  ZERO  AND  STACK 

F5E2I  A2  lA 

LDX      #1A           ,-  SO  PRINT  '  ZP '  MESSAGE 

F5E4I  20  7BF7 

JSR      MESSERR       ;    fi  SET  FLAG  {2MHZ  MODE) 

F5E7I 

F5E7I 

;  ROM  TEST  ROUTINE 

F5E7I 

F5E7I  A9  00 

ROMTST      LDA      #00           ,-  SET  POINTERS  TO 

F5E9I  A8 

TAY                   ;  $F000 

F5EAI  A2  F0 

LDX      #0F0 

F5ECI  85  18 

STA      PTRLO 

F5EEI  86  19 

STX      PTRHI 

SET  X  TO  $FF 

F5F0I  A2  FF 

LDX      #0FF 

FOR  WINDOWING  I/O 

F5F2I  51  18 

ROMTSTl     EOR      (PTRLO) , Y 

COMPUTE  CHKSUM  ON 

F5F4I  E4  19 

CPX      PTRHI 

EACH  ROM  BYTE, 

F5F6I  D006 

BNE      R0MTST2 

WINDOW  OUT 

F5F8I  C0  BF 

CPY      #0BF 

RANGES  FFC0-FFEF 

F5FAI  D002 

BNE      R0MTST2 

F5FCI  A0  EF 

LDY      #0EF 

F5FEI  C8 

R0MTST2     INY 

F5FFI  D0F1 

BNE      ROMTSTl 

F601I  E6  19 

INC      PTRHI 

F603I  D0ED 

BNE      ROMTSTl 

F605I  A8 

TAY                   ;  TEST  ACC.  FOR  0 

F606I  F005 

BEQ      VIATST        ;  YES,  NEXT  TEST 

F608I  A2  03 

LDX      #03           ;  PRINT  'ROM'  AND 

F60AI  20  7BF7 

JSR      MESSERR       ;  SET  ERROR 

F60DI 

F60DI 

;  VIA  TEST  ROUTINE 

F60DI 

F60DI  18 

VIATST      CLC                   ;  SET  UP  FOR  ADDING  BYTES 

F60EI  D8 

CLD 

F60FI  AD  E0FF 

LDA      SYSE0 

MASK  OFF  INPUT  BITS 

F612I  29  3F 

AND      #3F 

AND  STORE  BYTE  IN 

F614I  85  18 

STA      PTRLO 

TEMPOR.  LOCATION 

F616I  AD  EFFF 

LDA      BNKSW 

MASK  OFF  INPUT  BITS 

F619I  29  4F 

AND      #4F 

AND  ADD  TO  STORED 

F61BI  65  18 

ADC      PTRLO 

BYTE  IN  TEMP.  LOC. 

F61DI  6D  D0FF 

ADC      ZPREG 

ADD  REMAINING 

F620t  85  18 

STA      PTRLO 

REGISTERS  OF  THE 

F622I  AD  DFFF 

LDA      SYSDl 

VIA'S 

F625I  29  5F 

AND      #5F 

(MASK  THIS  ONE) 

F627I  65  18 

ADC      PTRLO 

AND  TEST 
y 
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F629i  6D  D2FF 

ADC      SYSD2         ;  TO  SEE 

F62CI  6D  D3FF 

ADC      SYSD3 

•  IF  THEY  AGREE 

F62FI  6D  E2FF 

ADC      SYSE2 

•  WITH  THE  RESET 

F632I  6D  E3FF 

ADC      SYSE3 

■  CONDITION. 

F635I  C9  El 

CMP      #0E0+ROM 

•  =E1? 

F637I  F005 

BEQ      ACIA 

■  YES,  NEXT  TEST 

F639I  A2  06 

LDX      #06 

■  NO,  PRINT  'VIA'  MESS 

F63BI  20  7BF7 

JSR      MESSERR 

■  AND  SET  ERROR  FLAG 

F63EI 

F63EI 

;  ACIA  TEST 

F63EI 

F63EI  18 

ACTA        CLC 

■  SET  UP  FOR  ADDITION 

F63FI  A9  9F 

LDA      #9F 

■  MASK  INPUT  BITS 

F641I  2D  F1C0 

AND      AC I AST 

•  FROM  STATUS  REG 

F644I  6D  F2C0 

ADC      ACIACM 

•  AND  ADD  DEFAULT  STATES 

F647I  6D  F3C0 

ADC      ACIACN 

•  OIF  CONTROL  AND  COMMAND 

F64AI  C9  10 

CMP      #10 

■  REGS.   =10? 

F64CI  F005 

BEQ      ATD 

•  YES,  NEXT  TEST 

F64EI  A2  09 

LDX      #09 

•  NO,  'ACIA*  MESSAGE  AND 

F650I  20  7BF7 

JSR      MESSERR 

■  THEN  SET  ERROR  FLAG 

F653I 

F653I 

;  A/D  TEST  ROUTINE 

F653I 

F653I  A9  C0 

ATD         LDA      #0C0 

F655I  8D  DCFF 

STA      0FFDC 

F65ei  AD  5AC0 

LDA      PDLEN+2 

F65BI  AD  5EC0 

LDA      PDLEN+6 

F65EI  AD  5CC0 

LDA      PDLEN+4 

F661I  A0  20 

LDY      #20 

F663I  88 

ADCTSTl     DEY                   ;  WAIT  FOR  40  USEC 

F664I  D0FD 

BNE      ADCTSTl 

F666I  AD  5DC0 

LDA      PDLEN+5       ;  SET  A/D  RAMP 

F669I  C8 

ADCTST3     INY                   ;  COUNT  FOR  CONVERSION 

F66AI  F00A 

BEQ      ADCERR 

F66C1  AD  66C0 

LDA      ADTO 

IF  BIT  7-1? 

F66FI  30F8 

BMI      ADCTST3 

YES,  CONTINUE 

F671I  98 

TYA 

NO,  MOVE  COUNT  TO  ACC 

F672I  29  E0 

AND      #0E0 

ACC<32 

F674I  F005 

BEQ      KEYPLUG 

F676I  F676 

ADCERR      .EQU     *             ;  NO, 

F67  61  A2  0D 

LDX      #0D           ;  PRINT  'A/D'  MESS 

F678i  20  7BF7 

JSR      MESSERR       ;  AND  SET  ERROR  FLAG 

F67BI 

F67BI 

;  KEYBOARD  PLUGIN  TEST 

F67BI 

F67BI  AD  08C0 

KEYPLUG     LDA      KEYED 

IS  KYBD  PLUGGED  IN? 

F67EI  0A 

ASL      A 

{IS  LIGHT  CURRENT 

F67FI  1041 

BPL      SEX 

PRESENT?)  NO,  BRANCH 

F681I  AD  DFFF 

LDA      SYSDl 

IS  ERROR  FLAG  SET? 

F684I  303C 

BMI      SEX 

ERROR  HANG 

F686I 

f 

F686I 

;    RECONFIGURE  THE  SYSTEM 

F686I 

; 

F686I  A9  77 

RECON       LDA      #77           ;  TURN  ON  SCREEN 

F688I  8D  DFFF 

STA      SYSDl 

F68BI  20  98FD 

JSR      CLDSTRT       ;  INITIALIZE  MONITOR  AND  DEFAULT  CHARACTER  SET 

F68EI  2C  10C0 

BIT      KBDSTRB       ;  CLEAR  KEYBOARD 

F691I  AD  FFCF 

LDA      EXPROM        ;  DISABLE  ALL  SLOTS 

F694I  AD  20C0 

LDA      0C020 

F697I  A9  10 

LDA      #10           ;  TEST  FOR  "APPLE  1" 

F699I  2D  08C0 

AND      KEYED 

F69CI  D003 

BNE      BOOT 

NO,  DO  REGULAR  BOOT 

F69EI  20  01F9 

JSR      MONITOR 

AND  NEVER  COME  BACK 

F6A1I  A2  01 

BOOT        LDX      #01 

READ  BLOCK  0 

F6A3I  86  87 

STX      IBCMD 

F6A5I  CA 

DEX 

F6A6I  86  85 

STX      IBEUFP        ;  INTO  RAM  AT  $A000 

F6A8I  A9  A0 

LDA      #0A0 

F6AAI  85  86 

STA      IBBUFP+1 

F6ACI  4 A 

LSR      A             ;  FOR  TRACK  80 

F6ADI  85  91 

STA      PREVTRK       ;  MAKE  IT  RECALIBRATE  TOO! 

F6AFI  8A 

TXA 

F6B0I  20  79F4 

JSR      BLOCKIO 

F6B3I  900A 

BCC      GOBOOT        ;  IF  WE'VE  SUCCEEDED.  DO  IT  UP 

F6B5I  A2  IC 

LDX      #1C 

F6B7I  20  38F7 

JSR      STRWT         ;  'RETRY' 

F6BAI  20  0FFD 

JSR      KEYIN 

F6BDI  B0E2 

BCS      BOOT 

F6BFI  4C  00A0 

GOEOOT      JMP      0A000         ;  GO  TO  IT  FOOL... 

F6C2I 

F6C2I 

;  SYSTEM  EXCERCISER 

F6C2I 

F6C2I  A0  7F 

SEX         LDY      #7F 

TRY  FROM 

F6C4I  98 

SEXl        TYA 

S7F  TO  0 

F6C5I  2  9  FE 

AND      #0FE 

ADD.= 

F6C7I  4  9  4E 

EOR      #4E 

$4E  OR  $4F 

F6C9I  F003 

BEQ      SEX2 

YES,  SKP 

F6CBI  B9  00C0 

LDA      KYBD, Y 

NO,  CONT 

F6CEI  88 

SEX2        DEY 

NEXT  ADD 

F6CF1  D0F3 

BNE      SEXl                                                                ^ 
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F6D1 1  AD  51C0 

LDA      TXTMD         ;  SET  TXT 

F6D4I  B9  00C1 

SEX3        LDA      SLT1,Y        ;  EXCERCISE 

F6D7I  89  00C2 

LDA     SLT2,Y       ;  ALL 

F6DA1  B9  00C3 

LDA      SLT3,Y        ;  SLOTS 

F6DDI  B9  00C4 

LDA      SLT4 , Y 

F6E0I  AD  FFCF 

LDA      EXPROM        ;  DISABLE  EXPANSION  ROM  AREA 

F6E3I  C8 

INY 

F6E4I  D0EE 

BNE      SEX3 

F6E6I 

F6E6I 

RAM  TEST  ROUTINE 

F6E6I 

F6E6I  A9  73 

USRENTRY    LDA      #72+ROM 

F6EBI  8D  DFFF 

STA      SYSDl 

F6EBI  A9  18 

LDA      #18 

F6EDI  8D  D0FF 

ETA      ZPREG 

F6F0I  A9  00 

LDA      #00 

F6F2I  A2  07 

LDX      #07 

F6F4I  95  10 

RAMTST0     STA      ZRPG1,X 

F6F6I  CA 

DEX 

F6F7I  10FB 

BPL      RAMTST0 

F6F9I  20  84F7 

JSR      RAMSET 

F6FCI  08 

PHP 

F6FD1  20  F6F7 

RAMTSTl     JSR      RAMWT 

F700I  20  F6F7 

JSR      RAMWT 

F703I  28 

PL? 

F704  t  6A 

ROR      A 

F705I  08 

PHP 

F706I  20  A1F7 

JSR      PTRINC 

F709I  D0F2 

BNE      RAMTSTl 

F70BI  20  84F7 

JSR      RAMSET 

F70EI  08 

PHP 

F70FI  20  FAF7 

RAMTST4     JSR      RAMRD 

F712I  48 

PHA 

F713I  A9  00 

LDA      #00 

F715I  91  18 

STA      {PTRLO),Y 

F717I  68 

PLA 

F7181  28 

PLP 

F719I  6A 

ROR      A 

F71AI  08 

PHP 

F71BI  20  A1F7 

JSR      PTRINC 

F71EI  D0EF 

BNE      RAMTST4 

F720I 

F720I 

RETURN  TO  START 

F720I 

F720I  A9  00 

LDA      #00 

F722I  8D  EFFF 

STA      BNKSW 

F725I  8D  D0FF 

STA      ZPREG 

F728I  A2  07 

LDX      #07 

F72A1  BD  1018 

RAMTST6     LDA      PHPR,X 

F72DI  95  10 

STA      ZRPG1,X 

F72FI  CA 

DEX 

F730I  10F8 

BPL      RAMTST6 

F732I  20  7EF7 

JSR      ERROR 

F735I  4C  75F5 

JMP      ERRLP 

F738I 

F738I 

****************************** 

F73BI 

SARA  TEST  SUBROUTINES 

F738I 

****************************** 

F738I 

F738I  BD  CDF4 

STRWT       LDA      CHPG,X 

F73BI  48 

PHA 

F73CI  09  80 

ORA      #80           ,-  NORMAL  VIDEO 

F73EI  20  25FC 

JSR      COUT          ,-  &  PRINT 

F741I  E8 

I NX                   ;  NXT 

F742I  68 

PLA                   ;  CHR 

F743I  10F3 

BPL      STRWT 

F745I  4C  07FD 

JMP      CROUTl        ;  CLR  TO  END  OF  LINE 

F748I 

F74BI 

•  SUBROUTINE  RAM 

F748I 

F748I  48 

RAM         PHA 

SV  ACC 

F749I  8A 

TXA 

CONVRT 

F74AI  4A 

LSR      A 

ADD  TO 

F74BI  4A 

LSR      A 

USE  FOR 

F74CI  4A 

LSR      A 

8  ENTRY 

F74DI  4A 

LSR      A 

F74EI  08 

PHP 

F74FI  4A 

LSR      A 

F750I  28 

PLP 

F751I  AA 

TAX 

LOOKUP 

F752I  BD  C5F4 

LDA      RAMTBL,X 

IF  VAL 

F755I  1014 

BPL      RAM0 

<0,  GET 

F757I  48 

PHA 

WHICH 

F758I  AD  EFFF 

LDA      BNKSW 

F75BI  29  0F 

AND      #0F 

F75DI  AA 

TAX 

F75EI  68 

PLA 

F75FI  E0  00 

CPX      #00 

F761I  F013 

BEQ      RAMI          ;  BANK? 

F763I  4A 

LSR      A             ;  SET                                                  j 
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F764I  4A 

LSR     A            ;  PROPER 

F765I  4A 

LSR     A            ;  RAM 

F766!  CA 

DEX                 ;  VAL 

F7671  D00D 

BNE      RAMI 

F769I  29  05 

AND      #05           ;  CONVERT 

F7  6BI  D009 

RAM0        BNE      RAMI          ;  TO  VAL 

F76DI  8A 

TXA 

F76EI  F002 

BEQ      RAM00 

F770I  A9  03 

LDA      #03 

F772I  9002 

RAM00       BCC      RAMI 

F774I  49  03 

EOR      #03 

F77  6I  2  9  07 

RAMI        AND      #07           ;  BANKSW 

F778I  AA 

TAX 

F779I  68 

PLA 

F77AI  60 

RTS 

F77B1 

F77BI 

;  SUBROUTINE  ERROR 

F77BI 

F77BI  20  38F7 

MESSERR     JSR      STRWT         ;  PRINT  MESSAGE  FIRST 

F77EI  A9  F3 

ERROR       LDA      #0F2+ROM      ;  SET  1 

F780I  8D  DFFF 

STA      SYSDl         ;  MHZ  MO 

F783!  60 

RTS 

F784  1 

F784I 

;  SUBROUTINE  RAMSET 

F784I 

F784I  A2  01 

RAMSET      LDX      #01 

F786I  86  lA 

STX      BNK 

F788I  A0  00 

LDY      #00 

F78Ai  A9  AA 

LDA      #0AA 

F78C1  38 

SEC 

F78Di  48 

RAHSETl     PHA 

F78EI  08 

PHP 

F78FI  A5  lA 

LDA      BNK 

F791I  09  80 

ORA      #80 

F793I  8D  1914 

STA      IBNK 

F796I  A9  02 

LDA      #02 

F798I  85  19 

STA      PTRHI 

F7  9AI  A2  00 

LDX      #00 

F79CI  86  18 

STX      PTRLO 

F79EI  28 

PLP 

F79FI  68 

PLA 

F7A0I  60 

RTS 

F7A1I 

F7A1I 

';    SUBROUTINE  PTRINC 

F7A1I 

F7A1I  4  8 

PTRINC      PHA 

F7A2I  E6  18 

INC      PTRLO 

F7A4  1  D01D 

BNE      RETS 

F7A6I  A5  lA 

LDA      BNK 

F7A8I  100E 

BPL      PINCl 

F7AAI  A5  19 

LDA      PTRHI 

F7AC1  C9  13 

CMP      #13 

F7AEI  F006 

BEQ      PINC2 

F7B0I  C9  17 

CMP      #17 

F7B2I  D004 

BNE      PINCl 

F7B4I  E6  19 

INC      PTRHI 

F7a6l  E6  19 

PINC2       INC      PTRHI 

F7B8I  E6  19 

PINCl       INC      PTRHI 

F7BAI  D007 

BNE      RETS 

F7BCI  C6  lA 

DEC      BNK 

F7BEI  C6  lA 

DEC      BNK 

F7C0I  20  8DF7 

JSR      RAMSETl 

F7C3I  68 

RETS        PLA 

F7C4I  A6  lA 

LDX      BNK 

F7C6I  E0  FD 

CPX      #0FD 

F7C8I  60 

RTS 

F7C9I 

F7C9I 

;  SUBROUTINE  RAMERR 

F7C9I 

F7C9I  48 

RAMERR      PHA 

F7CAI  A6  19 

LDX      PTRHI 

F7CCI  A4  lA 

LDY      BNK 

F7CEI  3019 

BMI      RAMERR4 

F7D01  8A 

TXA 

F7D1I  301D 

BMI      RAMERR5 

F7D3I  18 

CLC 

F7D4I  69  20 

ADC      #20 

F7D6I  8C  EFFF 

RAMERR2     STY      BNKSW 

F7D9I  AA 

TAX 

F7DAI  20  48F7 

RAMERR3     JSR      RAM 

F7DDI  68 

PLA 

F7DEI  4  8 

PHA 

F7DFI  A0  00 

LDY      #00 

F7E1I  51  18 

EOR      (PTRLO), Y 

F7E3I  15  10 

ORA      ZRPG1,X 

F7E5I  95  10 

STA      ZRPG1,X 

F7E7I  68 

PLA 

F7EBI  60 

RTS 

F7E9I  A9  00 

RAMERR4     LDA      #00 

F7EBI  8D  EFFF 

STA      BNKSW                                                               ^ 
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F7EEI    F0EA 

BEQ             RAMERR3 

F7F0I     38 

RAMERR5            SEC 

F7F1I    E9    60 

SBC              #60 

F7F3I    C8 

INY 

F7F4I     D0E0 

BNE              RAMERR2 

F7F6I 

; 

F7F6I 

;    SUBROUTINE   RAMWT 

F7F6I 

; 

F7F6I     4  9    FF 

RAMWT                EOR              #0FF 

F7F8I     91    18 

STA               (PTRLO),y 

F7FAI     Dl    18 

RAMRD                CMP               (PTRLO),Y 

F7FCI     D0CB 

BNE              RAMERR 

F7FEI     60 

RETl                   RTS 

F7FFI 

F7FFI 

.END 

SYMBOL   TABLE    DUMP 

AB   -   Absolute 

LB   -   Label             UD   -  Undefined            MC  -  Macro 

RF   -   Ref 

DF   -   Def                 PR  -  Proc                        FC  -  Func 

PB   -   Public 

PV  -  Private        CS   -  Consts 

ACIA              LB   F63E 

ACIACM        AB   C0F2     I       ACIACN        AB   C0F3    |       ACIAST        AB   C0F1 

ADCERR 

LB  F676    1 

ADCTSTl      LB   F663 

ADCTST3      LB   F669    |       ADRS              AB   C047     |       ADTO             AB    C066 

ATD 

LB   F653    I 

BLOCKIO      AB   F479 

BNK                AB    001A    1       BNKSW           AB   FFEF    I       BOOT              LB   F6A1 

CHPG 

LB   F4CD    1 

CLDSTRT      AB   FD98 

CNTWR           LB   F532     |       GOUT              AB   FC25    i       CROUTl         AB   FD07 

CV 

AB    005D    1 

DISKl            LB   F513 

DISKOFF      AB    C0D0    |       ERRLP           LB   F575    |       ERRLPl         LB   F593 

ERROR 

LB   F77E    1 

EXPROM        AB   CFFF 

GOBOOT         LB   F6BF    I       GRMD              AB   C050    1       IBBUFP         AB    0085 

IBCMD 

AB    0087     1 

IBNK             AB    1419 

KBDSTRB       AB    C010     |       KEYBD            AB    C008     1       KEYIN            AB    FD0F 

KEYPLUG 

LB    F67B     1 

KYBD             AB   C000 

MESSERR      LB   F77B    |       MONITOR      AB   F901     I       NMEMl            LB   F54F 

NMEM2 

LB    F562     1 

NOGOOD         LB   F52A 

NOMEM           LB   F54  8    I       NXBIT           LB   F52  6    |       NXBYT           LB   F52  4 

PDLEN 

AB    C058    1 

PHPR             AB    1810 

PINCl            LB   F7B8    |       PINC2           LB   F7B6    i       PREVTRK      AB   0091 

PTRHI 

AB    0019    1 

PTRINC         LB   F7A1 

PTRLO           AB    0018    |       PULBT           LB   F53A    I       RAM                LB   F748 

RAM0 

LB   F7  6B    1 

RAM00           LB   F772 

RAMI              LB   F776    |       RAMERR        LB   F7C9    \       RAMERR2       LB   F7D6 

RAMERR3 

LB   F7DA    1 

RAMERR4       LB   F7E9 

RAMERR5      LB   F7F0    I       RAMRD           LB   F7FA    1       RAMSET         LB   F784 

RAMSET 1 

LB   F7BD    1 

RAMTBL         LB   F4C5 

RAMTST0      LB   F6F4     |       RAMTSTl       LB   F6FD    I       RAMTST4       LB   F70F 

RAMTST6 

LB   F72A    1 

RAMWT           LB   F7F6 

RAMWTl         LB   F5A1     |       RAMWT2         LB   F5A5     I       RAMWT4         LB   F5AD 

RECON 

LB    F6B6    1 

RETl              LB   F7FE 

RETS              LB   F7C3    |       ROM                AB    0001     I       ROMTST         LB   F5E7 

ROMTST 1 

LB  F5F2    1 

R0MTST2      LB   F5FE 

SARATEST   PR   |       SETCVH         AB   FBC7     |       SETUP           AB   FD9D 

SEX 

LB  F6C2    1 

SEXl              LB   F6C4 

SEX2              LB   F6CE    |       SEX3              LB   F6D4     I       SLTl              AB   C100 

SLT2 

AB   C200    I 

SLT3              AB   C300 

SLT4              AB    C400    I       STK0             AB    00FF    I       STRWT           LB   F738 

SYSDl 

AB   FFDF     1 

SYSD2           AB   FFD2 

SYSD3           AB   FFD3    I       SYSE0           AB   FFE0    I       SYSE2           AB   FFE2 

SYSE3 

AB   FFE3     1 

TXTMD           AB   C051 

OSRENTRY    LB   F6E6    I       VIATST         LB   F60D    |       ZPl                 LB   F5BE 

ZP2 

LB   F5D4     1 

ZP3                LB   F5E2 

ZPREG           AB   FFD0    1       2RPG             AB    0000    I       ZRPGl           AB    0010 

Assembly   complete 

545    lines 

0        Errors    flaggec 

i  on   this   Assembly 

6502    OPCODE    STATIC 

:   FREQUENCIES 

ADC    :          10       1 

*****A»;**A 

AND 

12       1 

k*  until  *****  it 

ASL 

3      1 

**  * 

BCC 

3      ! 

**  ft 

BCS 

1      m 

* 

BEQ 

12       1 

BIT 

1      in 

* 

BMI 

4       1 

ft  *  ft  ft 

BNE 

31       1 

ftftftftftft***ft**ft**itft**ikftft*ftft«**ftft* 

BPL 

9       1 

********* 

CLC 

3      1 

**  * 

CLD 

1      m 

" 

CMP 

10      1 

********** 

CPX 

5      1 

***** 

CPY 

2       1 

ft  ft 

DEC 

3      1 

ft  ft  ft 

DEX 

9      1 

ftftftftftftftft* 

DEY 

5       1 

ft  ft  ft  ft  ft 

EOR 

5       1 

ft  ft  ftftft 

INC 

6       1 

ft  *  ftft  ft  ft 

I  NX 

6      1 

****ft* 

I  NY 

6      1 

****** 

JMP 

4       1 

ft  ft  ** 

JSR 

29      1 

**********ftftftft**«*ftft******ftft* 

LDA 

56      M 

**********ftftftft**«ft*ft**iliil<**ftftft***ftftftftft**ft*ftft*ftftiltil(ftftftft**ftft 

LDX 

24       1 

********ft*ftftftft****ft*ftft** 

LDY 

10       1 

ft********* 

LSR 

9       1 

********* 

ORA 

3       1 

*ft  * 

PHA 

11       1 

*********** 

PHP 

6       1 

ft  ft  ftft  ft* 

PLA 

12       1 

ftftftftftft****** 

PLP 

4       1 

ftftftft 

ROR 

2      1 

ft* 

RTS 

6      1 

ft  ftft  ft  ft  * 

SBC 

1      m 

ft 

J 
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SEC 

2   1 

STA 

30   1 

STX 

18   1 

STY 

A       1 

TAX 

A       1 

TAY 

2   j 

TXA 

6   1 

TXS 

2   1 

TYA 

A       1 

************************* 
************* 


****** 


Minimum  frequency  = 
Maximum  frequency  = 


Average  frequency  =    8 
Unused  opcodes: 
BRK   BVC   BVS   CLI   CLV   NOP 
Program  opcode  usage:   80  % 


ROL   RTI   SED   SEI   TSX 


(1.00)  That's  all-  Folks 
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00001 

;t44444*444444444444444t44*4t*44M44*44*4444*^*44444444 

00001 

;#  APPLE    ///   ROM  -   MONITOR 

00001 
00001 

;#   COPYRIGHT    1979    BY  APPLE   COMPUTER,     INC. 

00001 

00001 

.ABSOLUTE 

00001 

-PROC         MONITOR 

00001 

-ORG           0F7FE 

F7FEI 

; 

F7FEI 

; 

F7FEI     60 

RETl                   RTS 

F7FFI     3F 

.BYTE         03F 

F800I    E9    01 

SBC              #01 

F802I    F0FA 

BEQ             RETl 

F804I    E9    01 

SBC              #01 

F806I     F0F6 

BEQ             RETl 

F808I    E9    01 

SBC              #01 

F80AI    F0F2 

BEQ             RETl 

F80CI    E9    01 

SBC              #01 

F80EI    F0EE 

BEQ             RETl 

F810I    E9    01 

SBC              #01 

F812I    F0EA 

BEQ             RETl 

F814I    E9    01 

SBC              #01 

F816I    F0E6 

BEQ              RETl 

F818I    E9    01 

SBC              #01 

F81AI    F0E2 

BEQ              RETl 

F81CI    E9    01 

SBC              #01 

F81EI    F0DE 

BEQ              RETl 

F820I    E9    01 

SBC              #01 

F822I     F0DA 

BEQ              RETl 

F824I    E9    01 

SBC              #01 

F826I    F0D6 

BEQ              RETl 

F828I    E9    01 

SBC              #01 

F82AI    F0D2 

BEQ              RETl 

F82CI    E9    01 

SBC              #01 

F82EI    F0CE 

BEQ              RETl 

F830I    E9    01 

SBC              #01 

F832I    F0CA 

BEQ              RETl 

F834I    E9    01 

SBC              #01 

F836I    F0C6 

BEQ              RETl 

F838I    E9    01 

SBC              #01 

F83AI    F0C2 

BEQ              RETl 

F83CI    E9    01 

SBC              #01 

F83EI    F0BE 

BEQ             RETl 

F840I    E9    01 

SBC              #01 

F84  2I    F0BA 

BEQ             RETl 

F844t    E9    01 

SBC              #01 

F846I    F0B6 

BEQ             RETl 

F848I    E9    01 

SBC              #01 

Fa4A|    F0B2 

BEQ              RETl 

Fa4C|    E9    01 

SBC              #01 

F84EI    F0AE 

BEQ             RETl 

F850I    E9    01 

SBC              #01 

F852I    F0AA 

BEQ             RETl 

F854I    E9    01 

SBC              #01 

FaS6i    F0A6 

BEQ             RETl 

F858I    E9    01 

SBC              #01 

F85A1    F0A2 

BEQ             RETl 

FSSCI    E9   01 

SBC              #01 

F85EI     F09E 

BEQ             RETl 

Fa60|    E9   01 

SBC              #01 

F862I    F09A 

BEQ              RETl 

F864I    E9    01 

SBC              #01 

F866I    F096 

BEQ              RETl 

Fa68|    E9    01 

SBC              #01 

F86AI    F092 

BEQ              RETl 

F86CI    E9    01 

SBC              #01 

F86E!    F08E 

BEQ             RETl 

F8701    E9    01 

SBC              #01 

F8721    F08A 

BEQ             RETl 

F874I    E9    01 

SBC              #01 

F876I    F086 

BEQ               RETl 

FB78I    E9    01 

SBC               #01 

F87AI    F082 

BEQ              RETl 

F87C1    E9    01 

SBC               #01 

F87EI    F002 

BEQ              RET3 

F880I    E9    01 

SBC              #01 

F882I    F07C 

RET 3                   BEQ              RET2 

F884I    E9    01 

SBC              #01 

F886I    F078 

BEQ              RET2 

F888I    E9    01 

SBC              #01 

F88AI    F074 

BEQ              RET2 

F88CI    E9   01 

SBC              #01 

F88EI    F070 

BEQ              RET2 

F890I    E9    01 

SBC              #01 

F892I    F06C 

BEQ              RET2 

F894I    E9   01 

SBC              101 

F896I    F068 

BEQ              RET2 

F898I     E9    01 

SBC              #01 

F89AI    F064 

BEQ              RET2                                                                                                                                                                  ^ 
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F89CI  E9  01 

SBC      #01 

F89EI  F060 

BEQ      RET2 

F8A0I  E9  01 

SBC      #01 

F8A2I  F05C 

BEQ      RET2 

F8A4I  E9  01 

SBC      #01 

F8A6I  F058 

BEQ      RET2 

F8A8I  E9  01 

SBC      #01 

F8AAI  F054 

BEQ      RET2 

F8ACI  E9  01 

SBC      #01 

F8AEI  F050 

BEQ      RET2 

F8B0I  E9  01 

SBC      #01 

F8B2I  F04C 

BEQ      RET2 

F8B4I  E9  01 

SBC      #01 

F8B6!  F048 

BEQ      RET2 

F8B8I  E9  01 

SBC      #01 

F8BAI  F044 

BEQ      RET2 

F8BCI  E9  01 

SBC      #01 

F8BEI  F040 

BEQ      RET2 

F8C0I  E9  01 

SBC      #01 

F8C2I  F03C 

BEQ      RET2 

F8C4I  E9  01 

SBC      #01 

F8C6I  F038 

BEQ      RET2 

F8C8I  E9  01 

SBC      #01 

F8CAI  F034 

BEQ      RET2 

F8CCI  E9  01 

SBC      #01 

F8CEI  F030 

BEQ      RET2 

F8D0I  E9  01 

SBC      #01 

F8D2I  F02C 

BEQ      RET2 

F8D4 1  E9  01 

SBC      #01 

F8D6I  F028 

BEQ      RET2 

F8D6I  E9  01 

SBC      #01 

F8DAI  F024 

BEQ      RET2 

F8DCI  E9  01 

SBC      #01 

F8DEI  F020 

BEQ      RET2 

F8E0I  E9  01 

SBC      #01 

F8E2t  F01C 

BEQ      RET2 

F8E4I  E9  01 

SBC      #01 

F8E6I  F018 

BEQ      RET2 

F8E8I  E9  01 

SBC      #01 

F8EAI  F014 

BEQ      RET2 

F8ECI  E9  01 

SBC      #01 

F8EEI  F010 

BEQ      RET2 

F8F0I  E9  01 

SBC      #01 

F8F2I  F00C 

BEQ      RET2 

F8F4I  E9  01 

SBC      #01 

F8F6I  F008 

BEQ      RET2 

F8F8I  E9  01 

SBC      #01 

F8FAI  F004 

BEQ      RET2 

F8FCI  E9  01 

SBC      #01 

F8FE1  F000 

BEQ      RET2 

F900I  60 

RET2        RTS 

F901I 

( 

F901  1 

f 

F901 I  0058 

SCRNLOC     .EQU     58 

F901  1 

; 

F901I  0058 

LMARGIN     .EQU     SCRNLOC 

F901I  0059 

RMARGIN     .EQU     SCRNLOC+1 

F901 1  005A 

WINTOP      .EQU     SCRNLOC+2 

F901t  005B 

WINBTM      .EQU     SCRNLOC+3 

F901 t  005C 

CH          .EQU     SCRNLOC+4 

F901I  005D 

CV          ,EQU     SCRNLOC+5 

F901t  005E 

BAS4L       .EQU     SCRNLOC+6 

F901 1  005F 

BAS4H       ,EQU     SCRNLOC+7 

F901I  0060 

BAS8L       .EQU     SCRNLOC+8 

F901I  0061 

BAS8H       .EQU     SCRNLOC+9 

F901I  0058 

TBAS4L      .EQU     SCRNLOC+A 

F901i  0063 

TBAS4H      ,EQU     SCRNLOC+0B 

F901I  0064 

TBAS8L      .EQU     SCRNLOC+0C 

F901I  0065 

TBAS8H      .EQU     SCRNLOC+0D 

F901 1  0066 

FORGND      .EQU     SCRNLOC+0E 

F901 1  0067 

BKGND       .EQU     SCRNLOC+0F 

F901I  0068 

MODES       .EQU     SCRNLOC+10 

F901I  0069 

CURSOR      .EQU     SCRNLOC+11 

F901I  006A 

STACK       .EQU     SCRNLOC+12 

F901 1  0068 

PROMPT      .EQU     SCRNLOC+13 

F901I  006C 

TEMPX       .EQU     SCRNLOC+1 4 

F901I  006D 

TEMPY       .EQU     SCRNLOC+1 5 

F901I  006E 

CSWL        .EQU     SCRNLOC+1 6 

F901I  006F 

CSWH        .EQU     SCRNLOC+1 7 

F9011  0070 

KSWL        .EQU     SCRNLOC+1 8 

F901I  0071 

KSWH        .EQU     SCRNLOC+1 9 

F901I  0072 

PCL         .EQU     SCRNLOC+IA 

F901I  0073 

PCH         .EQU     SCRNLOC+IB 

F901I  0074 

AIL         .EQU     SCRNLOC+IC 

F9011  0075 

AlH         .EQU     AlL+1 

F9011  007  6 

A2L         .EQU     AlL+2 

F9011  0077 

A2H         .EQU     AlL+3 

F9011  0078 

A3L         .EQU     AlL+4 

F901I  0079 

A3H         .EQU     AlL+5 

F90II  007A 

A4L         .EQU     AlL+6                                                               j 
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F901I  007B 

A4H         .EQU     AlL+7 

r901|  007C 

STATE       .EQU     AlL+8 

F901I  007 D 

YSAV        .EQU     AlL+9 

F901I  007E 

INBUF       .EQU     A1L+0A 

F901t  0080 

TEMP        -EQU     A1L+0C 

F901I  0069 

MASK        .EQU     CURSOR 

F901I 

r 

F901I  C000 

KBD         .EQU     0C000 

F901I  C010 

KBDSTRB     .EQU     0C010 

F901I 

; 

F901I  0358 

USERADR     .EQU     358 

F901I  F4  7  9 

BLOCKIO     .EQU     0F479 

F90H  F686 

RECON       .EQU     0F686         ;  AS  OF  12/20/1979 

F901I  F4EE 

DIAGN       .EQU     0F4EE 

F901I  0050 

INBUFLEN    .EQU     50            ;  ONLY  80  BYTES  ($3A0-$3EF) 

F901I  0081 

IBSLOT      .EQU     81 

F901I  0062 

IBDRVN      .EQU     IBSLOT+1 

F901I  0085 

IBBUFP      .EQU     IBSLOT+4 

F901I  0087 

IBCMD       .EQU     IBSLOT+6 

F901I 

; 

F901I  F901 

ENTRY       .EQU     * 

F901I  BA 

TSX 

F902I  8  6  6A 

STX      STACK 

F904I  D8 

MON         CLD                   ;  MUST  BE  HEX  MODE 

F905I  20  4EFC 

JSR      BELL 

F90BI  A6  6A 

MONZ        LDX      STACK         ;  RESTORE  STACK  TO  ORIGINAL  LOCATION 

F90AI  9 A 

TXS 

F90BI  A9  DF 

LDA      #0DF          ;  PROMPT  (TiPPLE)  FOR  SARA  MONITOR 

F90DI  85  6B 

STA      PROMPT 

F90FI  20  D5FC 

JSR      GETLNZ        ;  GET  A  LINE  OF  INPUT 

F912I  20  67F9 

SCAN        JSR      ZSTATE        ;  SET  REGULAR  SCAN 

F915I  20  2CF9 

NXTINP      JSR      GETNUM        ;  ATTEMPT  TO  READ  HEX  BYTE 

F918I  84  7D 

STY      YSAV          ;  STORE  CURRENT  INPUT  POINTER 

F91AI  A0  12 

LDY      #12           ;  18  COMMANDS 

F91CI  88 

CMDSRCH     DEY 

F91DI  30E5 

BMI      MON           ;  GIVE  UP  IF  UNRECOGNIZABLE 

F91FI  D9  6CF9 

CMP      CMDTAB,Y      ;  FOUND? 

F922I  D0F8 

BNE      CMDSRCH       ;  NO  KEEP  LOOKING 

F924I  20  5EF9 

JSR      TOSUB         ;  PERFORM  FUNCTION 

F927t  A4  7D 

LDY      YSAV          ;  GET  NEXT  POINTER 

F929I  4C  15F9 

JMP      NXTINP        ;  DO  NEXT  COMMAND 

F92CI 

• 

F92C1  A2  00 

GETNUM      LDX      #00           ;  CLEAR  A2 

F92EI  86  76 

STX      A2L 

F930I  86  77 

STX      A2H 

F932I  Bl  7E 

NXTCHR      LDA      (INBUF), Y 

F934I  C8 

INY                   ;  BUMP  INDEX  FOR  NEXT  TIME 

F935I  4  9  B0 

EOR      #0B0 

F937t  C9  0A 

CMP      #0A           ;  TEST  FOR  DIGIT 

F939I  9006 

BCC      DIGIT         ;  SAVE  IT  IF  1-9 

F93BI  69  88 

ADC      #88           ;  TEST  FOR  HEX  A-F 

F93DI  C9  FA 

CMP      #0FA 

F93FI  902A 

BCC      DIGRET 

F941I  A2  03 

DIGIT       LDX      #03 

F943t  0A 

ASL      A 

F944I  0A 

ASL      A 

F945I  0A 

ASL      A 

F94  6t  0A 

ASL      A 

F947I  0A 

NXTBIT      ASL      A             ;  SHIFT  HEX  DIGITS  INTO  A2 

F948I  26  76 

ROL      A2L 

F94AI  26  77 

ROL      A2H 

F94C1  CA 

DEX 

F94D1  10F8 

BPL      NXTBIT        ;  SHIFTED  ALL  YET? 

F94FI  A5  IC 

NXTBAS      LDA      STATE 

F951I  D006 

BNE      NXTBS2        ;  IF  ZERO  THEN  COPY  TO  Al , 3 

F953I  B5  77 

LDA      A2H,X 

F955I  95  75 

STA      A1H,X 

F957I  95  79 

STA      A3H,X 

F959I  E8 

NXTBS2      INX 

F95AI  F0F3 

BEQ      NXTBAS 

F95CI  D0D4 

BNE      NXTCHR 

F95EI 

F95EI 

;  SWITCH  ROUTINE  FOR  CHARACTER 

F95EI 

F95EI  A9  FA 

TOSUB       LDA      #0FA          ;  PUSH  ADDRESS  OR  FUNCTION 

F960I  48 

PHA                   ;  AND  RETURN  IT 

F961I  B9  7DF9 

LDA      CMDVEC,Y 

F964I  48 

PHA 

F965I  A5  7C 

LDA      STATE         ;  PASS  MODE  VIA  ACC. 

F967I  A0  00 

ZSTATE      LDY      #00 

F969I  84  7C 

STY      STATE         ;  RESET  STATE  OF  SCAN 

F96BI  60 

DIGRET      RTS 

F96CI  F96C 

CMDTAB      .EQU     * 

F96CI  00 

. BYTE    00 

G     =GP  (CALL)  SUBROUTINE 

F96DI  03 

. BYTE    03 

J     =JUMP  (CONT)  PROGRAM 

F96EI  06 

.BYTE    06 

M     =MOVE  MEMORY 

F96FI  EB 

.BYTE    0EB 

R     =READ  DISK  BLOCK 

F970I  EC 

.BYTE    0EC 

S     =MEMORY  SEARCH 

F971I  EE 

.BYTE    0EE 

U     =USER  FUNCTION 

F972I  EF 

.BYTE    0EF 

V     ^VERIFY  MEMORY  BLOCKS                           j 
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F973I    F0 

.BYTE         0F0                           ;    W           =WRITE    DISK  BLOCK 

F974I    Fl 

.BYTE         0F1 

X           =REPEAT    COMMAND    LINE 

F975I     99 

.BYTE         99 

SP         =SPACE    (BYTE    SEPARATOR) 

F97  6I     9B 

.BYTE         9B 

=ASCII     (HI    BIT    ON) 

F977I    A0 

.BYTE         0A0 

=ASCII     (HI    BIT   OFF) 

F978I     93 

.BYTE         93 

:            =SET    STORE   MODE 

F979I    A7 

.BYTE         0A7 

=RANGE    SEPARATOR 

F97At    AS 

. BYTE         0A8 

/           =COMMAND    SEPARATOR 

F97BI     95 

.BYTE         95 

<           =DEST/SOURCE    SEPARATOR 

F97C}    C6 

.BYTE         0C6 

CR        =CARRIAGE    RETURN 

F97DI 

; 

F97DI    F97D 

CMDVEC               .EQU           * 

F97DI     90 

.BYTE         90 

GO-1 

F97EI     8E 

.BYTE         8E 

JUMP-1 

F97FI     3F 

.BYTE         3F 

MOVE-1 

F980I    D3 

.BYTE         0D3 

READ-1 

F9Blt    08 

.BYTE         08 

SEARCH- 1 

F982t    8B 

.BYTE         8B 

USER-1 

F983I     4E 

.BYTE         4E 

VRFY-1 

F964I    D6 

.BYTE         0D6 

WRTE-1 

F9B5I     2C 

.BYTE         2C 

REPEAT- 1 

F986I    B7 

.BYTE         0B7 

SPCE-1 

F987I     lA 

.BYTE         lA 

ASCII-1 

F988I     IC 

.BYTE         IC 

ASCII0-1 

F9B9I    CB 

.BYTE         0CB 

SETMODE-1 

F98AI    CB 

.BYTE         0CB 

SETMODE-1 

F98BI    AD 

.BYTE         0AD 

SEP-1 

F98CI    A4 

.BYTE         0A4 

DEST-1 

F9eD|    39 

.BYTE         3  9 

CRMON-1 

F98EI 

; 

F98EI 

; 

F98EI    E6    7A 

NXTA4                 INC              A4L                           ;    BUMP    16    BIT   POINTERS 

F990I    D002 

BNE              NXTAl 

F992I    E6    7B 

INC              A4H 

F994I    E6    74 

NXTAl                 INC              AIL                           ;    BUMP   Al 

F996!    D005 

BNE              TSTAl 

F998I    E6    75 

INC              AlH 

F99AI     38 

SEC                                                ;     IN   CASE   OF   ROLL   OVER 

F99BI    F010 

BEQ              RETAl 

F99DI    A5    74 

TSTAl                 LDA             AIL 

F99FI     38 

SEC 

F9A0I    E5    76 

SBC              A2L 

F9A2I    85    80 

STA              TEMP 

F9A4I    A5    75 

LDA             AlH 

F9A6I    E5    77 

SBC              A2H 

F9A8I    05    80 

ORA              TEMP 

F9AAI     D001 

BNE              RETAl                      ;    IF  Al    LESS    THAN   OR   EQUAL    TO  A2 

F9ACI     18 

CLC                                                ;    THEN   CARRY    CLEAR   ON   RETURN 

F9ADI     60 

RETAl                 RTS 

F9AEI 

; 

F9AEI 

; 

F  9AE 1     4  8 

PRBYTE              PHA                                               ;    SAVE    LOW  NIBBLE 

F9AFI     4 A 

LSR             A 

F9B0I     4 A 

LSR             A                                ;    SHIFT   HI    NIBBLE   TO   PRINT. 

F9B1I     4A 

LSR             A 

F9B2I    4 A 

LSR             A 

F9B3I     20  B9F9 

JSR             PRHEXZ 

F9B6I    68 

PLA 

F9B7I     29    0F 

PRHEX                AND              #0F                           ;    STRIP    HI    NIBBLE 

F9B9I    09    B0 

PRHEXZ              ORA              #0B0                        ;    MAKE    IT   NUMERIC 

F9BBI    C9    BA 

CMP             #0BA                      ;    IS   IT  >'9' 

F9BDI     9002 

BCC              PRHEX 2 

F9BFI     69    06 

ADC              #06                           ;    MAKE    IT    'A'-'F' 

F9C1I     4C    39FC 

PRHEX2              JMP              COUT 

F9C4I 

; 

F9C4I     20  AEF9 

PRBYCOL           JSR              PRBYTE 

F9C7I 

f 

F9C7I    A9    BA 

PRCOLON           LDA              #0BA                        ;    PRINT  A  COLON 

F9C9I     D0F6 

BNE              PRHEX2                   ;    BRANCH   ALWAYS 

F9CBI 

; 

F9CBI    A9    07 

TST80WID         LDA              #07                           ;    ANTICIPATE 

F9CDI     24    68 

BIT              MODES                      ;    TEST   FOR    80 

F9CFI     5002 

BVC              SVMASK 

F9D1I    A9    0F 

LDA              #0F 

F9D3I    85    69 

SVMASK              STA              MASK 

F9D5I    60 

RTS 

F9D6I 

; 

F9D6I     8A 

AlPC                   TXA                                               ;    TEST   FOR  NEW   PC 

F9D7I    F007 

BEQ              OLDPC 

F9D9I    B5    74 

AlPCl                 LDA              A1L,X 

F9DBI     95    72 

STA             PCL, X 

F9DDI    CA 

DEX 

F9DEI     10F9 

BPL              AlPCl 

F9E0I     60 

OLDPC                RTS 

F9E1I 

; 

F9E1I     85    69 

ASCIIl              STA              MASK                        ;    SAVE   HI    BIT   STATUS 

F9E3I    A4    7D 

ASCII2              LDY              YSAV                        ;    MOVE  ASCII    TO  MEMORY 

F9E5I    Bl    7E 

LDA               (INBUF),Y 

F9E7I    E6    7D 

INC              YSAV                        ;    BUMP    FOR  NEXT    THING. 

F9E9  1    A0  m 

LDY              #00 

(3085V 
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F9EBI  C9  A2 

CMP      #0A2          ;  ASCII  "  ? 

F9EDI  0005 

BNE     ASCII3       ;  NOPE,  CONTINUE. 

F9EFI  A5  69 

LDA      MASK 

F9F11  1032 

BPL      BITON         ;  HE'S  CHANGED  MODES. 

F9F3I  60 

RTS 

F9F4I  C9  A7 

ASCII 3      CMP      #0A7          ;  ASCII  ■  ? 

F9F6I  D005 

BNE      CRCHK         ;  NO,  TEST  FOR  EOL. 

F9F8I  A5  69 

LDA      MASK 

F9FAI  302 D 

BMI      HI TOFF        ;  CHANGE  MODES. 

F9FCI  60 

RTS 

F9FDI 

F9FDI  C9  8D 

CRCHK       CMP      #8D           ;  END  OF  LINE? 

F9FFI  F007 

BEQ      ASCDONE       ;  YES,  FINISHED 

FA01I  25  69 

AND      MASK 

FA03I  20  C3FA 

JSR     STORl        ;  GO  STORE  IT! 

FA06I  D0DB 

BNE     ASCI 12       ;  DO  NEXT. 

FA08I  60 

ASCDONE     RTS 

FA09I 

; 

FA09I 

; 

FA09I  Bl  74 

SEARCH      LDA      {A1L),Y       ;  LOAD  SEARCH  BYTE 

FA0BI  C5  7A 

CMP      A4L 

FA0DI  D006 

BNE      SRCHl 

FA0FI  20  75FA 

JSR      PRINTAl       ;  DUMP  MEMORY 

FA12I  20  EFFC 

JSR      CROUT 

FA15I  20  94F9 

SRCHl       JSR      NXTAl         ;  INCREMENT  POINTER 

FA18I  90EF 

BCC      SEARCH        ;  CONTINUE  SEARCH 

FAIAI  60 

RTS                   ;  RETURN 

FAIBI 

; 

FAIBI 

; 

FAIBI  38 

ASCII       SEC                   ;  INDICATE  HI  ON. 

FAICI  90 

.BYTE    90            ;  (BCC  -  NEVER  TAKEN) 

FAIDI  18 

A5CII0      CLC                   ;  INDICATE  HI  OFF 

FAIEI  AA 

CKMDE       TAX                   ?  SAVE  STATE 

FAIFI  8  6  7C 

STX      STATE         ,-  RETAIN  STATE 

FA21I  4  9  BA 

EOR      #0BA          ;  ARE  WE  IN  STORE  MODE? 

FA23I  D07D 

BNE      ERROR 

FA25I  A9  FF 

BITON       LDA      #0FF          ;  SET  HI  BIT  UNMASKED 

FA27I  B0B8 

BCS      ASCI 11 

FA2  9I  A9  7F 

BITOFF      LDA      #7F           ;  MASK  HI  BIT 

FA2BI  10B4 

BPL      ASCIIl        ;  ALWAYS  BRANCHES 

FA2DI  2C  00C0 

REPEAT      BIT      KBD           ;  REPEAT  UNTIL  KEYPRESS 

FA30I  1003 

BPL      REPEAT 1 

FA32I  4C  0FFD 

JMP      KEYIN 

FA35I  68 

REPEATl     PLA                   ;  CLEAN  UP  STACK 

FA3  6I  68 

LFA36       PLA 

FA37I  4C  12F9 

JMP      SCAN 

FA3AI 

r 

FA3AI 

FA3AI  20  B4FA 

CRMON       JSR      BLl 

FA3DI  4C  08F9 

JMP      MONZ 

FA40I 

; 

FA40I 

; 

FA40I  20  9DF9 

MOVE        JSR      TSTAl         ;  TEST  VALID  RANGE 

FA4  3I  B05D 

BCS      ERROR 

FA4  5I  Bl  74 

MOVNXT      LDA      (AIL) , Y       ;  COMPARE  BYTE  FOR  BYTE 

FA47I  91  7A 

STA      (A4L),Y 

FA4  9I  20  8EF9 

JSR      NXTA4         ;  BUMP  BOTH  Al  AND  A4 

FA4CI  90F7 

BCC      MOVNXT 

FA4EI  60 

RTS                   ;  ALL  DONE  WITH  MOVE 

FA4FI 

; 

FA4Ft 

; 

FA4FI  20  9DF9 

VRFY        JSR      TSTAl         ;  TEST  VALID  RANGE 

FAS 2  I  B04E 

BCS      ERROR 

FA54I  Bl  74 

VRFYl       LDA      (A1L),Y       ;  COMPARE  BYTE  FOR  BYTE 

FA56I  Dl  7A 

CMP      (A4L),Y       ;  MATCH? 

FA58I  F006 

BEQ      VRFY2         ;  YES,  DO  NEXT. 

FA5AI  20  66FA 

JSR      MISMATCH      ;  PRINT  BOTH  BYTES 

FA5DI  20  EFFC 

JSR     CROUT        ;  GOTO  NEWLINE 

FA60I  20  8EF9 

VRFY2       JSR      NXTA4         ;  BUMP  BOTH  Al  AND  A4 

FA631  90EF 

BCC      VRFYl 

FA65I  60 

RTS                   ;  VERIFY  DONE. 

FA66I 

; 

FA66I  A5  7B 

MISMATCH    LDA      A4H           ;  PRINT  ADDRESS  OF  A4 

FA68I  20  AEF9 

JSR      PRBYTE 

FA6BI  A5  7A 

LDA      A4L 

FA6DI  20  C4F9 

JSR      PRBYCOL       ;  OUTPUT  A  COLON  FOR  SEPARATOR 

FA70I  Bl  7A 

LDA      {A4L),Y       ;  AND  THE  DATA 

FA72I  20  84FA 

JSR      PRBYTSP       ;  PRINT  THE  BYTE  AND  A  SPACE 

FA75I  20  87FA 

PRINTAl     JSR      PRSPC         ;  LEAD  WITH  A  SPACE 

FA7  8I  A5  75 

LDA      AlH           ;  OUTPUT  ADDRESS  Al 

FA7AI  20  AEF9 

JSR      PRBYTE 

FA7Dt  A5  74 

LDA      AIL 

FA7F!  20  C4F9 

JSR      PRBYCOL       ;  SEPARATE  WITH  A  COLON 

FA82I  Bl  74 

PRAIBYTE    LDA      (AIL) , Y       ;  PRINT  BYTE  POINTED  TO  BY  Al 

FA84 1  20  AEF9 

PRBYTSP     JSR      PRBYTE 

FA87I  A9  A0 

PRSPC       LDA      #0A0          ;  PRINT  A  SPACE 

FA89I  4C  39FC 

JMP      COUT          ;  END  VIA  OUTPUT  ROUTINE. 

FA8C1 

; 

FASCI  4C  5803 

USER        JMP      USERADR 

FA8FI 
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FA8FI  68 

JUMP        PLA 

FA90I  68 

PLA 

;  LEAVE  STACK  WITH  NOTHIN'  ON  IT. 

FA91 1  20  D6F9 

GO          JSR 

AlPC          ;  STUFF  PROGRAM  COUNTER 

FA94I  6C  7200 

JMP 

@PCL          ;  JUMP  TO  USER  PROG. 

FA97I 

; 

FA97I  FA97 

RWERROR     .EQU 

*            ;  PRINT  ERROR  NUMBER 

FA97I  20  AEF9 

JSR 

PRBYTE        ;  PRINT  THE  OFFENDER 

FA9AI  A9  Al 

LDA 

#0A1          ;  FOLLOWED  BY  A  " ! " 

FA9CI  20  39FC 

JSR 

COUT 

FA9FI  20  07FD 

ERR0R2      JSR 

NOSTOP        ;  OUTPUT  A  CARRIAGE  RETURN  (NO  STOPLST) 

FAA2I  4C  04F9 

ERROR       JMP 

MON 

FAA5I 

; 

FAA5I  AS  76 

DEST        LDA 

A2L           ;  COPY  A2  TO  A4  FOR  DESTINATION  OP 

FAA7I  85  7A 

STA 

A4L 

FAA9I  A5  77 

LDA 

A2H 

FAABI  85  7B 

STA 

A4H 

FAADI  60 

RTS 

FAAEI 

J 

FAAEI  20  BSFA 

SEP         JSR 

SPCE          ;  SEPARATOR  TEST  STORE  MODE  OR  DUMP. 

FABll  98 

TYA 

;  ZERO  MODE. 

FAB2I  F01D 

BEQ 

SETMDZ        ;  BRANCH  ALWAYS 

FAB4I 

; 

FAB4I  C6  7D 

BLl         DEC 

YSAV          ;  TEST  FOR  NO  LINE 

FAB6I  F04  5 

BEQ 

DUMP8         ;  IF  NO  LINE,  GIVEM  A  ROW  OF  BYTES 

FAB8I  CA 

SPCE        DEX 

;  TEST  IF  AFTER  ANOTHER  SPACE 

FAB9I  D016 

BNE 

SETMDZ 

FABBI  C9  BA 

CMP 

#0BA          ;  STORE  MODE? 

FABDI  D04B 

BNE 

TSTDUMP 

FABFI  85  7C 

STOR        STA 

STATE         ;  KEEP  IT  IN  STORE  STATE 

FACll  A5  7  6 

LDA 

A2L           ;  GET  BYTE  TO  BE  STORED 

FAC31  91  7  8 

STOHl       STA 

{A3L),Y       ;  PUT  IT  IN  MEMORY. 

FAC5I  E6  78 

INC 

A3L           ;  BUMP  POINTER 

FAC7I  D002 

BNE 

DUMMY 

FAC9I  E6  7  9 

INC 

ASH 

FACBI  60 

DUMMY       RTS 

;  ALSO  USED  FOR  ■/'  TO  CLEAR  MODE 

FACCI 

1 

FACCI  A4  7D 

SETMODE     LDY 

YSAV          ;  USE  INPUT  CHARACTER 

FACEI  88 

DEY 

FACFI  Bl  7E 

LDA 

(INBUF),Y     ;  TO  SET  MODE 

FADl 1  85  7C 

SETMDZ      STA 

STATE 

FAD3 1  60 

RTS 

FAD4I 

; 

FAD4I  A9  01 

READ        LDA 

#01           ;  GET  DISK  COMMAND  TO  READ 

FAD 6  1  2C 

.BYTE 

2C            ;  DUMMY  BIT  TO  SKIP  2  BYTES 

FAD7I  A9  02 

WRTE        LDA 

#02           ;  SET  DISK  COMMAND  TO  WRITE 

FAD 91  85  87 

SAVCMD      STA 

IBCMD 

FADBl  A5  74 

RWLOOP      LDA 

AIL 

FADDI  85  85 

STA 

IBBUFP        ;  COMMAND  FORMAT  IS 

FADFI  A5  75 

LDA 

AlH           ;  BLOCKNUMBER  <ADDRESS  END  ADDRESS 

FAEll  85  86 

STA 

IBBUFP +1 

FAE3I  A6  7B 

LDX 

A4H           ;  SEND  BLOCK  NUMBER  VIA  X  «  A 

FAE5I  A5  7A 

LDA 

A4L 

FAE7I  78 

SEI 

;  NO  INTERRUPTS  WHILE  IN  MONITOR 

FAE8I  20  7  9F4 

JSR 

BLOCKIO       ,-  DO  DISKO  FEVER 

FAEBI  B0AA 

BCS 

RWERROR       ;  GIVE  UP  IF  ERROR  ENCOUNTERED 

FAEDI  E6  7A 

INC 

A4L           ;  BUMP  BLOCK  NUMBER 

FAEFI  D002 

BNE 

NOVER 

FAFll  E6  7B 

INC 

A4H 

FAF3I  E6  75 

NOVER       INC 

AlH           ;  BUMP  RAM  ADDRESS  BY  512  BYTES 

FAF5I  E6  75 

INC 

AlH 

FAF7I  20  9DF9 

JSR 

TSTAl         ;  TEST  FOR  FINISHED 

FAFAI  90DF 

BCC 

RWLOOP        ;  NOT  DONE,  DO  NEXT  BLOCK 

FAFCI  60 

RTS 

FAFDI 

; 

FAFDI  A5  75 

DUMPS       LDA 

AlH 

FAFFI  85  77 

STA 

A2H 

FB01 1  20  CBF9 

JSR 

TST80WID      ;  GET  WIDTH  MASK  INTO  ACC 

FB04I  05  74 

ORA 

AIL 

FB06!  85  76 

STA 

A2L 

FB081  D006 

BNE 

DUMP0         ;  BRANCH  ALWAYS 

FB0AI 

; 

FB0AI  4 A 

TSTDUMP     LSR 

A             ;  DUMP? 

FB0BI  B095 

ERROR 1      BCS 

ERROR 

FB0D1  20  CBF9 

DUMP        JSR 

TST80WID      ;  SET  FOR  EITHER  80  OR  40  COLUMNS 

FB10I  A5  74 

DUMP0       LDA 

AIL 

FB12I  85  7A 

STA 

A4L 

FB14I  A5  75 

LDA 

AlH 

FBI  6  I  85  7B 

STA 

A4H 

FB18I  20  9DF9 

JSR 

TSTAl         ;  TEST  FOR  VALID  RANGE 

FBIBI  B0EE 

BCS 

ERRORl 

FBIDI  20  75FA 

DUMPl       JSR 

PRINTAl       ;  PRINT  ADDRESS  AND  FIRST  BYTE 

FB20I  20  94F9 

DUMP2       JSR 

NXTAl 

FB2  3I  B010 

BCS 

DUMPASC       ;  END  WITH  ASCII 

FB2  5I  A5  74 

LDA 

AIL           ;  TEST  END  OF  LINE 

FB27I  25  69 

AND 

MASK          ;  FOR  40/80  COLUMN 

FB2  9I  D005 

BNE 

DUMP  3 

FB2BI  20  35FB 

JSR 

DUMPASC 

FB2EI  D0ED 

BNE 

DUMPl         ;  BRANCH  ALWAYS 

FB30I  20  82FA 

DUMP 3       JSR 

PRAIBYTE      ;  GO  PRINT  NEXT  BYTE  AND  A  SPACE 

FB33I  D0EB 

BNE 

DUMP2         ;  ALWAYS  (ACC  JUST  PULLED  AS  $A0) 
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FB35I 

. 

FB35I  A5  7A 

DUMPASC     LDA      A4L           ;  RESET  TO  BEGINNING  OF  LINE 

FB37I  85  74 

STA      AIL 

FB39I  A5  7B 

LDA      A4H 

FB3BI  85  75 

STA      AlH 

FB3DI  20  87FA 

JSR      PRSPC         ;    PRINT  AN  EXTRA  SPACE 

FB40I  A0  00 

ASCI        LDY      #00           ;    TO  INDEX  MEMORY  INDIRECT 

FB42I  Bl  74 

LDA      (AIL) , Y 

FB44I  09  80 

ORA     #80          ;  SET  NORMAL  VIDEO 

FB4  6I  C9  A0 

CMP      #0A0          ;  TEST  FOR  CONTROL  CHARACTERS 

FB4  8I  B002 

BCS      ASC2          ;  OK  TO  PRINT  NON  CONTROLS 

FB4AI  A9  AE 

LDA      #0AE          ,-  OTHERWISE  PRINT  A  SPACE 

FB4CI  20  39FC 

ASC2        JSR      COUT          ;  PUT  IT  OUT 

FB4PI  20  8EF9 

JSR      NXTA4         ;  BUMP  BOTH  Al  AND  A4 

FB52I  B006 

BCS      ASC3          ;  FINISHED 

FB54I  A5  74 

LDA      AIL           ;  TEST  END  OF  LINE 

FB56I  25  69 

AND      MASK 

FB58I  D0E6 

BNE      ASCI          ;  NOT  DONE,  PRINT  NEXT 

FB5AI  4C  EFFC 

ASC3        JMP      CROUT 

FB5DI 

• 

FB5DI 

• 

FB5DI  38 

COL80       SEC                   ;  INDICATE  80  COLUMNS 

FB5EI  AD  53C0 

LDA      0C053         ;  GOTO  80  COLUMN  MODE 

FB61I  B004 

BCS      SET80         ;  BRANCH  ALWAYS 

FB63I 

• 

FB63I  18 

COL40       CLC                   ;  INDICATE  40  COLUMNS  DESIRED 

FB64I  AD  52C0 

LDA      0C052         ;  GOTO  40  COLUMN  MODE 

FB67I  A5  68 

SET80       LDA      MODES 

FB69I  09  40 

ORA      #40           ;  ASSUME  80 

FB6BI  B002 

BCS     SET80A       ;  AND  BRANCH  IF  IT  IS 

FB6DI  29  BF 

AND      #0BF          ;  BUT  FIX  FOR  40  IF  NOT 

FB6FI  85  68 

SET80A      STA      MODES 

FB71I  09  7F 

ORA      #7F           ;  ISOLATE  BIT  7 

FB73I  29  A0 

AND      #0A0          ;  (BIT  7  SETS  NORMAL/ INVERSE) 

FB75I  85  66 

STA      FORGND 

FB7  7I  B002 

BCS      SET80B        ;  AGAIN  ASSUMES  80  COLUMNS 

FB7  9I  A9  F0 

LDA      #0F0          ;  IF  NOT,  SET  FOR /BACKGROUND  COLOR 

FB7BI  85  67 

SET80B      STA      BKGND 

FB7DI 

; 

FB7DI  AS  58 

CLSCRN      LDA      LMARGIN       ;  SET  CURSOR  TO  TOP  LEFT  OF  WINDOW 

FB7FI  85  5C 

STA      CH 

FB81I  A5  5A 

LDA      WINTOP 

FB83I  85  5D 

STA      CV            ;  NOW  DROP  INTO  CLEAR  END  OF  PAGE 

FB85I 

; 

FB85I  A5  5C 

CLEOP       LDA      CH            ;  SAVE  CURRENT  CURSOR  POSITION 

FB87I  4  8 

PHA 

FB88I  A5  5D 

LDA      CV 

FB8AI  48 

PHA 

FB8BI  20  C5FB 

JSR      SETCV 

FB8EI  20  A2FB 

CLEOPl      JSR      CLEOL         ;  CLEAR  TO  END  OF  FIRST  LINE 

FB91!  A5  58 

LDA      LMARGIN 

FB93I  85  5C 

STA      CH 

FB95I  20  DDFB 

JSR      CURDOWN       ;  GOTO  NEXT  LINE 

FB98I  90F4 

BCC      CLEOPl 

FB9A1  68 

PLA 

FB9BI  A8 

TAY 

FB9CI  68 

PLA                   ;  RESTORE  CURSOR  POSITION 

FB9DI  85  5C 

STA      CH 

FB9FI  98 

TYA                   ;  GET  OLD  CV  IN  ACC  AGAIN 

FBA0I  302  3 

BCS      SETCV         ;  BRANCH  ALWAYS 

FBA2I 

; 

FBA2I  A5  5C 

CLEOL       LDA      CH            ;  CLEAR  TO  END  OF  LINE  FIRST 

FBA4I  4C  89FC 

JMP      CLEOL 1 

FBA7I 

; 

FBA7I  C9  80 

CONTROL     CMP      #60 

FBA9I  9065 

BCC     DISPLAYX     ;  IF  INVERSE 

FBABI  C9  8D 

TSTCR       CMP      #8D           ;  IF  CARRIAGE  RETURN  THEN  NEW  LINE 

FBAD!  D03A 

BNE      TSTBACK 

FBAFl  20  A2FB 

CARRAGE     JSR      CLEOL         ;  FIRST  CLEAR  TO  THE  END  OF  THIS  LINE 

FBB2I  20  D7FB 

JSR      SETCHZ        ;  RESET  CURSOR  AND  GOTO  NEXT  LINE  (CARRY  IS  SET) 

FBB5I  4C  16FC 

JMP      NXTLIN        ;  THEN  GOTO  THE  NEXT  LINE. 

FEB  81 

• 

FBB8I 

J 

FBB8I  A5  5D 

CURUP       LDA      CV            ;  TEST  FOR  TOP  OF  SCREEN 

FBBAI  C6  5D 

DEC      CV            ;  ANTICIPATE  'NOT'  TOP 

FBBCI  C5  5A 

CMP      WINTOP 

FBBEI  D002 

BNE      CURUPl        ;  IT'S  NOT  TOP,  CONTINUE 

FBC0I  A5  5B 

LDA      WINBTM        ;  WRAP  AROUND  TO  BOTTOM 

FBC2I  38 

CURUPl      SEC                   ;  DECREMENT  BY  ONE 

FBC3I  E9  01 

SBC      #01 

FBC5I  85  5D 

SETCV       STA      CV            ;  SAVE  NEW  VERTICAL  LINE 

FBC7I  FBC7 

BASCALC     .EQU     * 

FBC7I  FBC7 

CURDNl      .EQU     * 

FBC7I  A5  5D 

LDA      CV            ;  GET  VALUES  FOR  FIRST  PAGE  ($400) 

FBC9I  104E 

BPL      BASCALCl      ;  ALWAYS 

FBCBI 

; 

FBCBI  24  68 

CURIGHT     BIT      MODES         ;  TEST  FOR  80  OR  40 

FBCDI  7002 

BVS      RIGHTl 

FBCFI  E6  5C 

INC      CH 

FBDll  E6  5C 

RIGHTl      INC      CH            ;  BUMP  CURSOR  HORIZONTAL                               j 
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FBD3I  A5  5C 

LDA      CH            ;  TEST  FOR  NEW  LINE 

FBD5I  C5  59 

CMP      RMARGIN 

FBD7I  A5  58 

SETCHZ      LDA      LMARGIN       ;  JUST  IN  CASE  WE  HAVE. 

FBD9I  905D 

BCC      CTRLRET 

FBDBI  85  5C 

SETCVH      STA      CH            ;  CURSOR  AT  START  OF  NEXT  LINE 

FBDDI 

;  DROP  INTO  CURDOWN  FOR  WRAP  AROUND 

FBDDI 

; 

FBDDI  E6  5D 

CURDOWN     INC      CV            ;  MOVE  CURSOR  DOWN  ONE  LINE 

FBDFI  AS  5D 

LDA      CV            ;  ANTICIPATE  NOT  BOTTOM 

FEE 11  C5  5B 

CMP      WINBTM        ;  TEST  FOR  BOTTOM 

FBE31  90E2 

BCC      CURDNl 

FBE5I  A5  5A 

LDA      WINTOP 

FBE7  1  B0DC 

BCS      SETCV         ;  BRANCH  ALWAYS 

FBE9I 

; 

FBE9I  C9  88 

TSTBACK    CMP     #88          ;  BACKSPACE? 

FBEBI  D05D 

BNE      TSTBELL 

FBEDI  24  68 

CURLEFT     BIT      MODES         ;  TEST  FOR  FOURTY  OR  EIGHTY  MODE 

FBEFI  7002 

BVS      LEFT 80 

FBFll  C6  5C 

DEC      CH 

FBF3!  C6  5C 

LEFT80      DEC      CH 

FBF5I  3006 

BMI      LEFTUP 

FBF7I  A5  5C 

LDA      CH            ;  TEST  FOR  WRAP  AROUND 

FBF9I  C5  58 

CMP      LMARGIN 

FBFBI  103B 

BPL      CTRLRET 

FBFDI  20  B8FB 

LEFTUP      JSR      CURUP 

FC00I  A5  59 

LDA      RMARGIN 

FC02I  85  5C 

STA      CH            ;  SAVE  NEW  CURSOR  POSITION 

FC04 1  D0E7 

BNE      CURLEFT       ;  BRANCH  ALWAYS 

FC06I 

; 

FC06I  C9  A0 

C0UT2       CMP      #0A0          ;  IS  IT  CONTROL  CHARACTER 

FC08I  909D 

BCC      CONTROL 

FC0AI  24  68 

BIT      MODES         ;  TEST  FOR  INVERSE 

FC0CI  3002 

BMI      DISPLAYX      ;  NO  PUT  IT  OUT 

FC0EI  29  7F 

AND     #7F          ;  STRIP  HI  BIT 

FC10I  20  9DFC 

DISPLAYX    JSR      DISPLAY 

FC13I 

; 

FC13I  20  CBFB 

INCHORZ     JSR      CURIGHT       ;  MOVE  CURSOR  RIGHT 

FC16I  B043 

NXTLIN      BCS      SCROLL        ;  IT'S  BOTTOM,  RESET  CH=0  AND  SCROLL 

FC18I  60 

RTS                   ;  RESET  CH  ONLY 

FC19I 

; 

FC19I  08 

BASCALCl    PHP                   ;  CALC  BASE  ADR  IN  BAS4L, H 

FCIAI  4  8 

PHA 

FCIBI  4A 

LSR      A             ;  FOR  GIVEN  LINE  NO. 

FCICI  2  9  03 

AND      #03           ;  0<=LINE  N0.<$17 

FCIEI  09  04 

ORA      #04           ;  ARG=000ABCDE,  GENERATE 

FC20I  85  5F 

STA      BAS4H         ;  BAS4H=000001CD 

FC22!  49  0C 

EOR      #0C 

FC24I  85  61 

STA      BAS8H 

FC26I  68 

PLA                   ;  AND 

FC27I  29  18 

AND      #18           ;  BAS4L=EABAB000 

FC2  9I  9002 

BCC      BSCLC2 

FC2BI  6  9  7F 

ADC      #7F 

FC2DI  85  5E 

BSCLC2      STA      BAS4L 

FC2F1  0A 

ASL      A 

FC30I  0A 

ASL      A 

FC31I  05  5E 

ORA      BAS4L 

FC33I  85  5E 

STA      BAS4L 

FC35I  85  60 

STA      BAS8L         ;  SAME  FOR  PAGE  2 

FC37I  28 

PLP 

FC38I  60 

CTRLRET     RTS 

FC39I 

; 

FC39I  48 

COUT        PHA                   ;  SAVE  CHARACTER 

FC3AI  84  6D 

STY      TEMPY 

FC3CI  8  6  6C 

STX      TEMPX 

FC3EI  20  47FC 

JSR      COUTl 

FC411  A4  6D 

LDY      TEMPY 

FC43I  A6  6C 

LDX      TEMPX 

FC4  5I  68 

PLA 

FC4  6I  60 

RTS 

FC4  7I  6C  6E00 

CODTl       JMP      eCSWL         ;    NORMALLY  COUTl 

FC4AI 

; 

FC4AI  C9  87 

TSTBELL     CMP      #87           ;  BELL? 

FC4CI  D004 

BNE      LNFD          ;  NO  TEST  FOR  FORM  FEED 

FC4EI  AE  40C0 

BELL       LDX     0C040        ;  SOUND  BELL 

FC51I  60 

RTS 

FC52I  C9  8A 

LNFD        CMP      #aA           ;  LINE  FEED? 

FC54I  D0E2 

BNE      CTRLRET 

FC56I  20  DDFB 

JSR      CURDOWN       ;  MOVE  CURSOR  DOWN  A  LINE 

FC59I  90DD 

BCC      CTRLRET       ;  BRANCH  IF  NO  SCROLL  NECESSARY. 

FC5BI 

; 

FC5BI  A5  5A 

SCROLL      LDA      WINTOP        ;  START  WITH  TOP  LINE 

FC5DI  48 

PHA                 ;  SAVE  IT  FOR  NOW 

FC5EI  20  C5FB 

JSR      SETCV         ;  GET  BASCALC  FOR  THIS  LINE 

FC61I  A2  03 

SCRLl       LDX      #03           ;  MOVE  CURRENT  BASCALC  AS  DESTINATION 

FC63I  B5  5E 

SCRL2       LDA      BAS4L,X 

FC65I  95  58 

STA      TBAS4L,X      ;  (TEMPORARY  BASE  ADDR. ) 

FC67I  CA 

DEX 

FC68I  10F9 

BPL      SCRL2 

FC6AI  68 

PLA                   ;  GET  DESTINATION  LINE 

FC6Bi  IB 

CLC 
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FC6CI  69  01 

ADC      #01           ;  CALCULATE  SOURCE  LINE. 

FC6EI  C5  5B 

CMP      WINBTM        ;  IS  IT  THE  LAST  LINE? 

FC70I  B015 

BCS      LASTLN        ;  YES,  CLEAR  IT 

FC72I  48 

PHA                   ;  SAVE  AS  NEXT  DESTINATION  LINE 

FC73I  20  C5FB 

JSR      SETCV         ;  GET  BASE  ADDR  FOR  SOURCE  LINE 

FC7  6I  A5  59 

LDA      RMARGIN       ;  MOVE  SOURCE  TO  DESTINATION 

FC78I  4A 

LSR      A             ;  DIVIDE  BY  2 

FC7  9I  AS 

TAY 

FC7AI  88 

SCRL3       DEY                   ;  DONE  YET 

FC7BI  30E4 

BMI      SCRLl         ;  YES,  DO  NEXT  LINE 

FC7DI  Bl  5E 

LDA      (BAS4L),Y 

FC7FI  91  58 

STA      (TBAS4L),Y 

FC81I  Bl  60 

LDA      {BAS8L),Y 

FC83I  91  64 

STA      (TBAS8L),Y 

FC85I  90F3 

BCC      SCRL3         ;  BRANCH  ALWAYS 

FC87I  A5  58 

LASTLN      LDA      LMARGIN       ;  BLANK  FILL  THE  LAST  LINE 

FC89I  4A 

CLEOLl      LSR      A             ;  DIVIDE  BY  2 

FC8AI  A8 

TAY 

FC8BI  B004 

BCS      CLE0L2 

FC8DI  A5  66 

LDA      FORGND        ;  (NORMALLY  A  SPACE) 

FC8FI  91  5E 

STA      (BAS4L),Y 

FC91I  A5  67 

CLE0L2      LDA      BKGND         ;  (IF  80  COLUMNS,  ALSO  A  SPACE) 

FC93I  91  60 

STA      (BAS8L),Y 

FC95I  C8 

INY 

FC96I  98 

TYA                   ;  TEST  FOR  END  OF  LINE 

FC97I  0A 

ASL      A             ;  MULT  BY  2  AGAIN 

FC98I  C5  59 

CMP      RMARGIN 

FC9AI  90ED 

BCC      CLEOLl        ;  CONTINUE  IF  MORE  TO  DO. 

FC9CI  60 

RTS                   ;  ALL  DONE. 

FC9DI 

; 

FC9DI  24  68 

DISPLAY     BIT      MODES         ;  TEST  FOR  40  OR  80 

FC9FI  700C 

BVS      DSPL80        ,-  STORE  THE  SINGLE  CHARACTERS  AND  RETURN 

FCAll  4  6  5C 

LSR      CH            ;  INSURE  PROPER  40  COLUMN  DISPLAY 

FCA3I  06  5C 

ASL      CH            ;  BY  DROPPING  BIT  0 

FCA5I  20  ADFC 

JSR      DSPL80        ;  DISPLAY  IN  $400  PAGE. 

FCA8t  A5  67 

LDA      BKGND         ;  ALSO  SET  BACKGROUND  COLOR 

FCAAI  91  60 

DSPBKGND    STA      {BAS8L) , Y 

FCACI  60 

RTS 

FCADI 

; 

FCADI  48 

DSPL80      PHA                   ;  PRESERVE  CHARACTER 

FCAEI  A5  5C 

LDA      CH            ;  DETERMINE  WHICH  PAGE 

FCB0I  4A 

LSR      A 

FCBll  A8 

TAY 

FCB2I  68 

PLA 

FCB3I  B0F5 

BCS      DSPBKGND      ;  BRANCH  IF  $900  PAGE 

FCB5I  91  5E 

STA      (BAS4L),y 

FCB7I  60 

RTS 

FCB8I 

; 

FCB8I  Bl  7E 

NOTCR       LDA      (INBUF),Y     ;  ECHO  CHARACTER 

FCBAI  20  39FC 

JSR      COUT 

FCBDI  C9  88 

CMP     #88          ;  BACKSPACE 

FCBFI  F01D 

BEQ      BKSPCE 

FCCll  C9  98 

CMP      #98           ;  CANCEL? 

FCC3I  F008 

BEQ      CANCEL 

FCC5I  E6  80 

INC      TEMP 

FCC7I  A5  80 

LDA      TEMP 

FCC9I  C9  50 

CMP      #INBUFLEN 

FCCBI  D017 

BNE      NXTCHAR       ;  NO  WRAP  AROUND  ALLOWED. 

FCCDI  A9  DC 

CANCEL      LDA      #0DC          ;  OUTPUT  BACKSLASH 

FCCFI  20  39FC 

JSR      COUT 

FCD2I  20  EFFC 

JSR      CROUT 

FCD5I  FCD5 

GETLNZ      .EQU     * 

FCD5I  A5  6B 

GETLN       LDA      PROMPT 

FCD7I  20  39FC 

JSR      COUT 

FCDAI  A0  01 

LDY      #01 

FCDCI  84  80 

STY      TEMP          ;  START  AT  BEGINNING  OF  INBUF 

FCDEl  A4  80 

BKSPCE      LDY      TEMP 

FCE0I  F0F3 

BEQ      GETLN 

FCE2I  C6  80 

DEC      TEMP          ;  BACK  UP  INPUT  BUFFER 

FCE4I  20  60FD 

NXTCHAR     JSR      RDCHAR        ;  GET  INPUT 

FCE7I  A4  80 

LDY      TEMP 

FCE9I  91  7E 

STA      (INBUF), Y 

FCEBI  C9  8D 

CMP      #8D 

FCEDI  D0C9 

BNE      NOTCR 

FCEFI  FCEF 

CROUT       -EQU     * 

FCEFi  2C  00C0 

BIT      KBD           ;  TEST  FOR  START/STOP 

FCF2I  1013 

BPL      NOSTOP 

FCF4 1  20  2EFD 

JSR     KEYIN3       ;  READ  KBD 

FCF7I  C9  A0 

CMP     #0A0         ;  IS  IT  A  SPACE? 

FCF9I  F007 

BEQ      STOPLST       ;  YES,  PAUSE  TIL  NEXT  KEYPRESS. 

FCFBI  C9  89 

CMP     #89          ;  QUIT  THIS  OPERATION 

FCFDI  D008 

BNE     NOSTOP       ;  NO,  IGNORE  THIS  KEY. 

FCFFI  4C  9FFA 

JMP      ERR0R2        ;  YES,  RESTART 

FD02I  AD  00C0 

STOPLST     LDA      KBD 

FD05I  10FB 

BPL      STOPLST 

FD07I  A9  80 

NOSTOP      LDA      #8D 

FD09I  4C  39FC 

JMP      COUT 

FD0CI 

; 

FD0CI  6C  7000 

RDKEY       JMP      @KSWL 

FD0FI 

. 

J 
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FD0FI  A9  7F 

KEYIN       LDA      #7F           ;  MAKE  SURE  FIRST  IS  CURSOR 

FDllI  85  63 

ST A      TEAS 4 H 

FD13I  20  88FD 

JSR      PICK          ;  GO  READ  SCREEN 

FD16I  48 

KEYINl      PHA                   ;  SAVE  CHR  AT  CURSOR  POSITION 

FD17I  20  35FD 

JSR      KEYWAIT       ;  TEST  FOR  KEYPRESS 

FDIAI  B008 

BCS     KEYIN2       ;  GO  GET  IT 

FDICI  A5  69 

LDA      CURSOR        ;  GIVE  THEM  AN  UNDERSCORE  FOR  A  TIME 

FDlEI  20  9DFC 

JSR      DISPLAY 

FD21I  20  35FD 

JSR      KEYWAIT       ;  GO  SEE  IF  KEYPRESSED 

FD24I  68 

KEYIN2      PLA 

FD25I  08 

PHP                   ;  SAVE  KEYPRESS  STATUS 

FD26I  48 

PHA 

FD27I  20  9DFC 

JSR      DISPLAY 

FD2AI  68 

PLA 

FD2BI  28 

PLP 

FD2C1  90E8 

BCC      KEYINl 

FD2EI  AD  00C0 

KEYIN3      LDA      KBD           ;  READ  KEYBOARD 

FD31I  2C  10C0 

KEYIN4      BIT      KBDSTRB       ;  CLEAR  KEYBOARD  STROBE 

FD34I  60 

RTS 

FD35I  E6  58 

KEYWAIT     INC      TBAS4L        ;  JUST  KEEP  COUNTING 

FD37I  D009 

BNE      KWAIT2 

FD39I  E6  63 

INC      TBAS4H 

FD3BI  A9  7F 

LDA      #7F           ;  TEST  FOR  DONE 

FD3DI  18 

CLC 

FD3EI  25  63 

AND      TBAS4H 

rD40|  F005 

BEQ      KEYRET         ;  RETURN  IF  TIMED  OUT 

FD42I  0E  00C0 

KWAIT2      ASL      KBD 

FD45I  90EE 

BCC      KEYWAIT 

FD47I  60 

KEYRET      RTS 

FD48I 

; 

FD48I 

; 

FD48I  FD48 

ESC 3        .EQU     * 

FD48I  20  77FD 

JSR      GOESC 

FD4BI  A5  68 

ESCAPE      LDA      MODES         ;  SET  TO  +  SIGN  FOR  CURSOR  MOVES 

FD4DI  29  80 

AND      #80 

FD4FI  4  9  AB 

EOR      #0AB 

FD51I  85  69 

STA      CURSOR 

FD53I  20  0CFD 

ESCl        JSR      RDKEY         ;  READ  NEXT  CHARACTER 

FD56I  A0  08 

LDY      #08           ,-  TEST  FOR  ESCAPE  COMMAND 

FD58I  D9  F0FF 

ESC2        CMP      ESCTABL, Y 

FD5BI  F0EB 

BEQ      ESC3 

FD5D!  88 

DEY 

FD5EI  10F8 

BPL      ESC2          ;  LOOP  TIL  FOUND  OR  DONE 

FD60I 

; 

FD60I  A9  80 

RDCHAR      LDA      #80           ;  GO  READ  A  CHARACTER 

FD62I  25  68 

AND      MODES 

FD641  85  69 

STA      CURSOR        ;  SAVE  STANDARD  CURSOR 

FD66I  20  0CFD 

JSR      RDKEY 

FD69I  C9  9B 

CMP      #9B           ;  ESCAPE  CHARACTER? 

FD6BI  F0DE 

BEQ      ESCAPE 

FD6DI  C9  95 

CMP      #95           ,-  FORWARD  COPY? 

FD6FI  D0D6 

BNE      KEYRET 

FD71I  20  88FD 

JSR      PICK          ;  GET  CHARACTER  FROM  SCREEN 

FD74I  09  80 

ORA      #80           ;  SET  TO  NORMAL  ASCII 

FD76I  60 

RTS 

FD77I 

■ 

FD77I  A9  FB 

GOESC       LDA      #0FB 

FD79I  48 

PHA 

FD7AI  B9  7FFD 

LDA      ESCVECT,Y 

FD7D(  48 

PHA 

FD7Et  60 

RTS 

FD7FI  Al 

ESCVECT     .BYTE    0A1           ;  CLEOL-1 

FD80I  84 

.BYTE    84            ;  CLEOP-1 

FD81I  7C 

.BYTE    7C           ;  CLSCRN-1 

FD82I  62 

.BYTE    62            ;  COL40-1 

FD83I  5C 

.BYTE    5C           ;  COL80-1 

FD84I  EC 

.BYTE   0EC          ;  CURLEFT-1 

FD85I  CA 

.BYTE    0CA           ;  CURIGHT-1 

FD86I  DC 

-BYTE    0DC           ;  CURDOWN-1 

FD87I  B7 

.BYTE    0B7           ;  CURUP-1 

FD88I 

; 

FD88I  A5  5C 

PICK        LDA      CH            ;  GET  A  CHARACTER  AT  CURRENT  CURSOR  POSITION 

FD8AI  4 A 

LSR      A             ;  DETERMINE  WHICH  PAGE. 

FD8BI  A8 

TAY 

FD8CI  24  68 

BIT      MODES         ;  AND  IF  80  COLUMN  MODE 

FD8EI  5005 

BVC      PICK40        ;  FORGET  CARRY  IF  40  COLUMNS 

FD901  9003 

BCC      PICK40        ;  GET  CHARACTER  FROM  $400 

FD92  1  Bl  60 

LDA      (BAS8L),Y 

FD94I  60 

RTS 

FD95I  Bl  5E 

PICK40      LDA      (BAS4L),Y 

FD97I  60 

RTS 

FD98I 

; 

FD98I  FD98 

CLDSTRT     .EQU     * 

FD98I  A9  03 

LDA      #03 

FD9AI  8D  D0FF 

STA      0FFD0         ;  ZERO  PAGE  IS  ON  3! 

FD9DI  FD9D 

SETUP       .EQU     * 

FD9DI  D8 

CLD                   ;  OF  COURSE! 

FD9EI  A2  03 

LDX      #03 

FDA0I  86  7F 

STX      INBUF+1 

FDA2I  BD  BCFF 

SETUP 1      LDA      NMIRQ,X                                                             ^ 
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FDA5I  9D  CAFF 

STA      0FFCA, X 

FDA8I  BD  B4FF 

LDA      HOOKS, X 

FDABI  95  6E 

STA      CSWL,X 

FDAD!  BD  B8FF 

LDA      VBOUNDS,X 

FDB0I  95  58 

STA      LMARGIN,X 

FDB2I  CA 

DEX 

FDB3I  10ED 

BPL      SETUP 1 

FDB5I  85  82 

STA      IBDRVN 

FDB7I  A9  A0 

LDA      #0A0          ;  INPUT  BUFFER  AT  $3A0 

FDB9I  85  7E 

STA      INBUF 

FDBBI  A 9  60 

LDA      #60 

FDBDI  85  81 

STA      IB SLOT 

FDBFI  A9  FF 

LDA      #0FF 

FDCll  85  68 

STA      MODES 

FDC3I  20  63FB 

JSR      COL40         ;  SET  40  COLUMNS,  CLEAR  SCREEN 

FDC6t 

J 

FDC6I  00A0 

ADR         .EQU     0A0 

FDC6I  00A0 

CPORTL      .EQU     ADR 

FDC6I  00A1 

CPORTH      .EQU     ADR+1 

FDC6I  00A2 

CTEMP       .EQU     ADR+2 

FDC6I  00A3 

CTEMPl      .EQU     ADR+3 

FDC6I  00A4 

YTEMP       .EQU     ADR+4 

FDC6I  00C0 

ROWTEMP     .EQU     ADR+20 

FDC6I  C0DB 

CWRTON      .EQU     0C0DB 

FDC6I  C0DA 

CWRTOFF     .EQU     0C0DA 

FDC6I  FFEC 

CB2CTRL     .EQU     0FrEC 

FDC6I  FFED 

CB2INT      -EQU     0FFED 

FDC6I 

; 

FDC6I 

; 

FDC6I  A9  78 

GENENTR     LDA      #78           ;  INIT  SCREEN  INDX  LOCATIONS 

FDC8I  85  A0 

STA      CPORTL 

FDCAI  A9  08 

LDA      #08 

FDCCI  85  Al 

STA      CPORTH 

FDCEI  A9  F0 

LDA      #0F0          ;  SET  UP  INDEX  TO  CHRSET 

FDD0I  85  A4 

STA      YTEMP 

FDD2I  A9  00 

LDA      #00 

FDD4I  AA 

TAX 

FDD5I  95  C0 

ZIPTEMPS    STA      ROWTEMP, X 

FDD7I  E8 

I  NX 

FDD8I  E0  20 

CPX      #20 

FDDA!  D0F9 

BNE      ZIPTEMPS 

FDDCI  A9  05 

LDA      #05           ;  FAKE  THE  FIRST  BIT  PATTERN 

FDDEI  18 

CLC                   ;  {PHANTOM  9TH  BIT  SHIFTED  AS  BIT  0) 

FDDFI  08 

PHP 

FDE0I  48 

PHA 

FDEll  86  A2 

GENASC      STX      CTEMP         ;  GENERATE  THE  ASCII 

FDE3I  A0  07 

GASCIl      LDY      #07           ;  CODES  FOR  THE  FIRST  PASS 

FDE5I  A6  A2 

GASCI2      LDX      CTEMP 

FDE7I  8A 

GA5CI3      TXA 

FDE8I  91  A0 

STA      (CPORTL), Y 

$XXF=CHR  0  /  4 

FDEAI  E8 

INX 

$XXE=CHR  1/5 

FDEBI  88 

DEY 

$XXD=CHR  2/6 

FDECI  3006 

BMI      GASCI4 

$XXC=CHR  3/7 

FDEEI  C0  03 

CPY      #03 

$XXB=CHR  0/4 

FDF0I  D0F5 

BNE      GASCI3 

$XXA=CHR  1/5 

FDF2I  F0F1 

BEQ      GASCI2 

$XX9=CHR  2/6 

FDF4I  20  99FE 

GASCI4      JSR      NXTPORT 

$XX8=CHR  3/7 

FDF7I  B008 

BCS      CBYTES 

GO  DECODE  CHARACTER  TABLE 

FDF9I  C9  0A 

CMP      #0A 

SECOND  SET  OF  4? 

FDFBI  D0E6 

BNE      GASCIl 

FDFDI  A2  24 

LDX      #24 

FDFFI  D0E0 

BNE      GENASC        ;  BRANCH  ALWAYS 

FE01I  68 

CBYTES      PLA                   ;  RESTORE  BIT  PATTERN 

FE02I  28 

PLP 

FE03I  A2  17 

LDX      #17           ;  {4  CHARACTERS  OF  6  ROWS) 

FE05I  A0  05 

CCOLMS      LDY      #05           ;  {FIVE  COLUMNS) 

FE07I  36  C4 

CSHFT       ROL      R0WTEMP+4,X   ;  BREAK  BYTE  INTO 

FE09I  0A 

ASL      A             ;  5  BIT  GROUPS 

FE0AI  D00E 

BNE      SHFTCNT       ;  BRANCH  IF  MORE  BITS  IN  THIS  BYTE 

FE0CI  84  A2 

STY      CTEMP 

FE0EI  C6  A4 

DEC      YTEMP         ;  (NOTE.  CARRY  IS  SET) 

FE10I  F016 

BEQ      DONE          ;  BRANCH  IF  ALL  DONE 

FE12I  A4  A4 

LDY      YTEMP         ;  GET  CHARACTER  TABLE  INDEX 

FE14I  B9  C4FE 

LDA      CHRSET-1,Y 

FE17I  2A 

ROL      A 

(CARRY  KEEPS  BYTE  NON-ZERO  UNTIL  ALL  8  ARE 

FE18I 

ARE  SHIFTED) 

FE18I  A4  A2 

LDY      CTEMP 

RESTORE  COLUMN  COUNT 

FEIAI  88 

SHFTCNT     DEY 

GOT  ALL  FIVE  BITS? 

FElBi  D0EA 

BNE      CSHFT 

NO,  DO  NEXT 

FElDi  CA 

DEX 

ALL  ROWS  DONE 

FEIEI  10E5 

BPL      CCOLMS 

NO,  DO  NEXT 

FE20!  08 

PHP 

SAVE  REMAINING  BIT  PATTERN  AND  CARRY 

FE21I  48 

PHA 

FE22i  20  28FE 

JSR      STORCHRS      ;  MOVE  EM  TO  NON  DISPLAYED  VIDEO  AREA 

FE25I  4C  01FE 

JMP      CBYTES 

FE2  8I 

; 

FE28I  FE28 

DONE        .EQU     * 

FE28I 

; 

FE2  8I  A2  IF 

STORCHRS    LDX      #1F           ;  MOVE  CHARACTER  PATTERNS  TO  VIDEO  AREA 

J'E2A|  A0  00 

STORSET     LDY      #00 
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FE2CI  B5  C0 

STOROW      LDA 

ROWTEMP,X 

FE2EI  0A 

ASL 

A            ;  SHIFT  TO  CENTER 

FE2FI  2  9  3E 

AND 

#3E           ;  STRIP  EXTRA  GARBAGE 

FE31I  91  A0 

STA 

(CPORTL)  ,Y 

FE33I  CA 

DEX 

FE34I  C8 

I  NY 

FE35I  C0  08 

CPY 

#08           ,-  THIS  GROUP  DONE 

FE37I  D0F3 

BNE 

STOROW        ;  NO,  NEXT  ROW 

FE39I  20  99FE 

JSR 

NXTPORT 

FE3CI  C9  08 

CMP 

#08 

FE3EI  F004 

BEQ 

GENDONE       ,-  ALL  ROWS  STORED? 

FE40I  8A 

TXA 

FE41I  10E7 

BPL 

STORSET 

FE43I  60 

RTS 

;  PARTIAL  SET  {$47a-$5FF) 

FE4  4I 

; 

FE4  4I  A9  01 

GEN DONE     LDA 

#01          ;  SET  NORMAL  MODE 

FE4  6I  85  A2 

STA 

CTEMP 

FB4  8I  A9  60 

GENl        LDA 

#60           ;  PREPARE  TO  SEND  BYTES  TO  CHARACTER 

FE4AI  2C  DBC0 

BIT 

CWRTON        ;  GENERATOR  RAM 

FE4Dt  20  AEFE 

JSR 

VRETRCE       ;  WAIT  FOR  NEXT  VERTICAL  RETRACE 

FE50I  A9  20 

LDA 

#20           ;  WAIT  AGAIN 

FE521  20  AEFE 

JSR 

VRETRCE 

FE55I  2C  DAC0 

BIT 

CWRTOFF       ;  CHARACTERS  ARE  NOW  LOADED 

FE58t  20  88FE 

JSR 

ALTCHR        ;  REPEAT  THIS  SET  FOR  OTHER  64  CHARACTERS 

FE5BI  C6  A2 

DEC 

CTEMP         ;  HAVE  WE  DONE  ALTERNATES  YET? 

FE5DI  1016 

BPL 

GEN2          ;  NO,  DO  IT! 

FE5FI  A9  08 

LDA 

#08           ;  BUMP  ASCII  VALUES  FOR  NEXT  SET 

FE61I  85  Al 

STA 

CPORTH 

FE63I  A0  07 

NXTASCI     LDY 

#07           ;  THE  USUAL  COUNTDOWN 

FE65I  Bl  A0 

NXTASC2     LDA 

(CPORTL), Y 

FE67I  18 

CLC 

FE68I  6  9  08 

ADC 

#08 

FE6AI  91  A0 

STA 

( CPORTL ),Y 

FE6CI  68 

DEY 

FE6DI  10F6 

BPL 

NXTASC2 

FE6FI  20  99FE 

JSR 

NXTPORT 

FE72I  90EF 

BCC 

NXTASCI 

FE74I  60 

RTS 

FE75I  A0  03 

GEN2        LDY 

#03           ;  SETUP  ALTERNATE  WITH  UNDERLINES 

FE7  7I  A9  7F 

LDA 

#7F 

FE7  9I  9  9  FC05 

UNDER       STA 

05FC,Y 

FE7CI  99  FC07 

STA 

07FC,Y 

FE7FI  88 

DEY 

FE80I  10F7 

BPL 

UNDER 

FE82I  A9  08 

LDA 

#08 

FE84I  85  Al 

STA 

CPORTH 

FES 61  D0C0 

BNE 

GENl 

FES  81 

; 

FES  81  A0  07 

ALTCHR      LDY 

#07           ;  ADJUST  ASCII  FOR  ALTERNATE  SET 

FE8AI  Bl  A0 

ALTCl       LDA 

(CPORTL) , Y 

FE8CI  49  20 

EOR 

#20           ;  S20— >   $40— >$60 

FE8EI  91  A0 

STA 

(CPORTL »,Y 

FE90I  88 

DEY 

FE91I  10F7 

BPL 

ALTCl         ;  ADJUST  THEM  ALL 

FE93I  20  99FE 

JSR 

NXTPORT 

FE96I  90F0 

BCC 

ALTCHR 

FE98I  60 

RTS 

FE99I 

; 

FE99I  A5  A0 

NXTPORT     LDA 

CPORTL        ;  CONVERT  $78->$F8  OR  $F8-$78 

FE9BI  4  9  80 

EOR 

#80 

FE9DI  85  A0 

STA 

CPORTL 

FE9FI  3002 

BMI 

NOHIGH 

FEAll  E6  Al 

INC 

CPORTH 

FEA3I  A5  Al 

NOHIGH      LDA 

CPORTH 

FEA5I  C9  0C 

CMP 

#0C 

FEA7I  D004 

BNE 

PORTDN 

FEA9I  A9  04 

LDA 

#04 

FEABI  85  Al 

STA 

CPORTH 

FEADI  60 

PORTDN      RTS 

FEAEI 

; 

FEAEI  85  A3 

VRETRCE     STA 

CTEMPl        ;  SAVE  BITS  TO  BE  STORED 

FEB0I  AD  ECFF 

LDA 

CB2CTRL       ;  CONTROL  PORT  FOR  'CB2' 

FEB3I  2  9  3F 

AND 

t3F           ;  RESET  HI  BITS  TO  0 

FEB5I  05  A3 

ORA 

CTEMPl 

FEB7I  8D  ECFF 

STA 

CB2CTRL 

FEBAI  A 9  08 

LDA 

#08           ;  TEST  VERTICAL  RETRACE 

FEBCI  8D  EDFF 

STA 

CB2INT 

FEBFI  2C  EDFF 

VWAIT       BIT 

CB2INT        ;  WAIT  FOR  RETRACE 

FEC2I  F0FB 

BEQ 

VWAIT 

FEC4I  60 

RTS 

FEC5I 

; 

FEC5I  FEC5 

CHRSET      .EQU 

* 

FEC5I 

; 

FEC5I  F0  01  82  18 

40 

84  81              .BYTE 

0F0,01,82,18,40, 84,81,2F,58,44,81,29,02,1E,01,91,7C,1F,4  9,30 

FECCI  2F  58  44  81 

29 

02  IE 

FED3I  01  91  7C  IF 

49 

30 

FED9I  8A  08  43  14 

31 

2A  22              .BYTE 

8A,08,4  3,14,31,2A, 22,13,0E3,0F7,0C4, 91 , 4 8, 0A2, 0DA, 24 , 0C6, 4A 

FEE0I  13  E3  F7  C4 

91 

4  6  A2 

FEE7I  DA  24  C6  4A 

FEEBI  62  8C  24  C6 

F8 

63  ac              .BYTE 

62,8C,24,0C6,0F8,63,8C,0C1,46,17,52,8A,0AF,16,14,0E3,33,31         j 
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FEF2I  CI  46  17  52  8A  AF  16 

FEF9t  14  E3  33  31 

FEFD)  C6  F8  DC  73  3F  46  17 

-BYTE   0C6,0F8,0DC,73,3F,46,17,62,8C,21,0E6,18, 

6A,8D,61,0CF,18,62 

FF041  62  8C  21  E6  18  6A  8D 

FF0BI  61  CF  18  62 

FF0FI  74  Dl  B9  18  49  4C  91 

-BYTE    74,0D1,0B9,18,49,4C, 91 , 0C0, 0F3, 09, 2C, 91, 0C0, 14 , ID, 8C, 0EF, 07 

FF16I  C0  F3  09  2C  91  C0  14 

FFIDI  ID  8C  EF  07 

FF21I  17  43  88  31  84  IE  DF 

.BYTE    17,43,88,31,84,1E,0DF,0B,31,84,0F8,0FE,77,3E,3E,17,62,8C,0FD 

FF28I  0B  31  84  F8  FE  77  3E 

FF2Ft  3E  17  62  80  FD 

FF34i  C7  50  E3  0B  51  C5  E8 

.BYTE    0C7,S0,0E3,0B,51,0C5,0E8,0C8,73,18,0C,42 

3E,01,02,20,42,3E 

FF3BI  C8  73  18  0C  42  3E  01 

FF42I  02  20  42  3E 

FF46I  41  IB  8C  08  00  70  EE 

-BYTE    41,18,8C,08,00,70,0EE,00,11,11,21,11,02,0E0,3C,21,31,02,0E0 

FF4DI  00  11  11  21  11  02  E0 

FF54I  3C  21  31  02  E0 

FF59I  IC  00  C8  B9  80  62  14 

.BYTE    1C,00,0C8,0B9,80,62,14,1F,46,0A2,0DE,43, 

2C,04,88,0BE,0FF,0CE 

FF60I  IF  46  A2  DE  43  2C  04 

FF67I  88  BE  FF  CE 

FF6BI  7D  37  49  88  95  18  98 

.BYTE   7D,37,49,88, 95,18,98,09, 62, 001,44, 0E8, 88 

0FB, 02, 90,40,00,10 

FF72I  09  62  Dl  44  E8  88  FB 

FF79I  02  90  40  00  10 

FF7EI  E0  03  02  00  40  00  00 

.BYTE    0E0, 03, 02. 00, 40, 00,00,  08,00,  00,  28,  10, 42, 

H,25,82,0BB,2F,48 

FF85I  08  00  00  28  10  42  44 

FF8CI  25  82  B8  2F  48 

FF91I  25  44  10  82  02  00  2F 

.BYTE    25,44,10,82,02,00, 2F,5A, 40, 4  5, 02, BE, 64 , 50, 90, 01, 3E, 2 6, 42 . 80 

FF98I  5A  40  45  02  8E  64  50 

FF9FI  90  01  3E  26  42  80 

FFA51  21  80  00  05  00  F8  80 

.BYTE    21, 80,00,05, 00,0F8, 80,00,05, 08,0F8, 80, 28 

05,88 

FFACI  00  05  08  F8  80  28  05 

FFB3I  8  8 

FFB4I 

; 

FFB4I  FFB4 

HOOKS 

.EQU     * 

FFB4I  06FC 

.WORD    C0DT2 

FFB6I  0FFD 

.WORD    KEYIN 

FFB8I  FFB8 

VBOUNDS 

.EQU     * 

FFB8I  00  50  00  18 

.BYTE    00,50,00,18 

FFBCI 

; 

FFBCI  4C  86F6 

NMIRQ 

JMP      RECON         ;  IN  DIAGNOSTICS 

FFBFI  40 

RTI 

FFC0I 

; 

FFC0t  43  4F  50  59  52  49  47 

.ASCII   "COPYRIGHT  JANUARY,  1980   APPLE  COMPUTER 

INC..JRH" 

FFC7t  48  54  20  4A  41  4E  55 

FFCEI  41  52  59  2C  20  31  39 

■— ■    ' 

A 

FFD5I  38  30  20  20  41  50  50 

FFDCI  4C  45  20  43  4F  4D  50 

FFE3I  55  54  45  52  20  49  4E 

1      / 

FFEAI  43  2E  2E  4A  52  48 

-«—  ^o    I    J^  -. 

FFF0I 

; 

T  V  ,  kn  ^ 

FFF0I  CC  D0  D3  34  B8  88  95 

ESCTABL 

.BYTE    0CC,0D0,0D3,0B4,0B8,88,95,8A,8B,00 

vj  *  »^  T]'^  * 

FFF7I  8A  8B  00 

/•              //*// 

FFFAI 
FFFAI  CAFF 

NMI 

.WORD    0FFCA 

FFFCI  EEF4 

RESET 

.WORD    DIAGN         ;  NOTHING 

FFFEI  CDFF 

IRQ 

.WORD    0FFCD 

(A^tJ^J 

00001 

00001 

.END 

t   - 

■ 

SYMBOL  TABLE  DUMP                                                                                       ^oJ^     H 

AB  -  Absolute     LB  -  Label     UD  - 

Undefined     MC  -  Macro 

6"i?y^ 

RF  -  Ref           DF  -  Def 

PR  - 

Proc          FC  -  Func 

^JSr 

PB  -  Public       PV  -  Private   CS  - 

Consts 

vf^ 

AlH       AB  0075  1   AIL 

AB  007  4 

AlPC      LB  F9D6  i   AlPCl     LB  F9D9  |   A2H 

AB  0077  1    )|* 

A2L       AB  007  6  |   A3H 

AB  007  9 

A3L       AB  0078  I   A4H       AB  007B  |   A4L 

AB  007A  1 

ADR       AB  00A0  |   ALTCl 

LB  FEBA 

ALTCHR    LB  FE88  |   ASCI      LB  FB40  I   ASC2 

LB  FB4C  1     .  « 

ASC3      LB  FB5A  ]   ASCDONE 

LB  FA08 

ASCII     LB  FAIB  I   ASCII0    LB  FAID  I   ASCIIl 

LB  F9E1  1     V/C^' 

ASCII2    LB  F9E3  t   ASCII3 

LB  F9F4 

BAS4H     AB  005F  I   BAS4L     AB  005E  I   BAS8H 

AB  0061  1     ny 

LB  FA29  1   "^   i 

BAS8L     AB  0060  )   BASCALC 

LB  FBC7 

BASCALCl  LB  FCl 9  |   BELL      LB  FC4E  I   BITOFF 

BITON     LB  FA25  |   BKGND 

AB  0067 

BKSPCE    LB  FCDE  |   BLl       LB  FAB4  |   BLOCKIO 

AB  F479  1        \ty 

BSCLC2    LB  FC2D  |   CANCEL 

LB  FCCD 

CARRAGE   LB  FBAF  |   CB2CTRL   AB  FFEC  |   CB2INT 

AB  FFED  1  /^(/*      , 

CBYTES    LB  FE01  |   CCOLMS 

LB  FE05 

CH        AB  005C  1   CHRSET    LB  FEC5  |   CKMDE 

LB  FAIE  1  '  \}^        ^p^ft/ 

CLDSTRT   LB  FD98  [   CLEOL 

LB  FBA2 

CLEOLl    LB  FC89  |   CLE0L2    LB  FC91  |   CLEOP 

LB  FB85  1    J  K        /1M 

CLEOPl    LB  FB8E  I   CLSCRN 

LB  FB7D 

CMDSRCH   LB  F91C  |   CMDTAB    LB  F96C  |   CMDVEC 

LB  F97D  1    "^  A  _,(,  ^ 

COL40     LB  FB63  |   COL80 

LB  FB5D 

CONTROL   LB  PBA7  |   COUT      LB  FC39  |   COUTl 

LB  FC47  1      VyV- 

C0UT2     LB  FC06  |   CPORTH 

AB  00A1 

CPORTL    AB  00A0  |   CRCHK     LB  F9FD  I   CRMON 

LB  FA3A  1       r* 

CROUT     LB  FCEF  |   CSHFT 

LB  FE07 

CSWH      AB  006F  |   CSWL      AB  006E  |   CTEMP 

AB  00A2  1 

CTEMPl    AB  00A3  [   CTRLRET 

LB  FC38 

CURDNl    LB  FBC7  |   CURDOWN   LB  FBDD  |   CURIGHT 

LB  FBCB  1 

CURLEFT   LB  FBED  I   CURSOR 

AB  0069 

CURUP     LB  FBB8  |   CURUPl    LB  FBC2  |   CV 

AB  005D  1 

CWRTOFF   AB  C0DA  |   CWRTON 

AB  C0DB 

DEST      LB  FAA5  |   DIAGN     AB  F4EE  I   DIGIT 

LB  F941  1 

DIGRET    LB  F96B  |   DISPLAY 

LB  FC9D 

DISPLAYX  LB  FC10  |   DONE      LB  FE28  |   DSPBKGND  LB  FCAA  I 

DSPL80    LB  FCAD  |   DUMMY 

LB  FACE 

DUMP      LB  FB0D  |   DUMP0     LB  FB10  |   DOMPl 

LB  PBID  1 

DUMP2     LB  FB20  |   DUMP3 

LB  FB30 

DUMPS     LB  FAFD  |   DUMPASC   LB  FB35  I   ENTRY 

LB  F901  1 

ERROR     LB  FAA2  I   ERRORl 

LB  FB0B 

ERR0R2    LB  FA9F  |   ESCl      LB  FD53  I   ESC2 

LB  FD58  1 

ESC3      LB  FD48  I   ESCAPE 

LB  FD4B 

ESCTABL   LB  FFF0  I   ESCVECT   LB  FD7F  I   FORGND 

AB  006  6  1 

GASCIl    LB  FDE3  |   GASCI2 

LB  FDE5 

GASCI3    LB  FDE7  |   GASCI4    LB  FDF4  I   GENl 

LB  FE48  1 

J 
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GEN2 

LB 

FE75 

GENASC 

LB 

FDEl 

GENDONE 

LB 

FE44 

GENENTR 

LB 

FDC6 

GETLN 

LB 

FCD5  1 

GETLNZ 

LB 

FCD5 

GETNUM 

LB 

F92C 

GO 

LB 

FA91 

GOESC 

LB 

FD77 

HOOKS 

LB 

FFB4  1 

IBBUFP 

AB 

0085 

IBCMD 

AB 

0087 

IBDRVN 

AB 

0082 

IBSLOT 

AB 

0081 

INBDF 

AB 

007E  1 

INBUFLEN 

AB 

0050 

INCHORZ 

LB 

FC13 

IRQ 

LB 

FFFE 

JUMP 

LB 

FA8F 

KBD 

AB 

C000  t 

KBDSTRB 

AB 

C010 

KEVIN 

LB 

FD0F 

KEY INI 

LB 

FD16 

KEYIN2 

LB 

FD24 

KEYIN3 

LB 

FD2E  1 

KEYIN4 

LB 

FD31 

KEYRET 

LB 

FD4  7 

KEY WAIT 

LB 

FD35 

KSWH 

AB 

0071 

KSWL 

AB 

0070  t 

KWAIT2 

LB 

FD42 

LASTLN 

LB 

FC87 

LEFT80 

LB 

FBF3 

LEFTUP 

LB 

FBFD 

LFA36 

LB 

FA3  6  1 

LMARGIN 

AB 

0058 

LNFD 

LB 

FC52 

MASK 

AB 

006  9 

MISMATCH 

LB 

FA66 

MODES 

AB 

0068  1 

MON 

LB 

F904 

MONITOR 

PR 



MONZ 

LB 

F908 

MOVE 

LB 

FA40 

MOVNXT 

LB 

FA45  1 

NMI 

LB 

FFFA 

NMIRQ 

LB 

FFBC 

NOHIGH 

LB 

FEA3 

NOSTOP 

LB 

FD07 

NOTCR 

LB 

FCB8  1 

NOVER 

LB 

FAF3 

NXTAl 

LB 

F994 

NXTA4 

LB 

F98E 

NXTASC2 

LB 

FE65 

NXTASCI 

LB 

FE63  1 

NXTBAS 

LB 

F94F 

NXTBIT 

LB 

F947 

NXTBS2 

LB 

F959 

NXTCHAR 

LB 

FCE4 

NXTCHR 

LB 

F932  1 

NXTINP 

LB 

F915 

NXTLIN 

LB 

FC16 

NXTPORT 

LB 

FE99 

OLDPC 

LB 

F9E0 

PCH 

AB 

0073  1 

PCL 

AB 

0072 

PICK 

LB 

FD88 

PICK40 

LB 

FD95 

PORTDN 

LB 

FEAD 

PRAIBYTE 

LB 

FA82  1 

PRBYCOL 

LB 

F9C4 

PRBYTE 

LB 

F9AE 

PRBYTSP 

LB 

FAS  4 

PRCOLON 

LB 

F9C7 

PRHEX 

LB 

F9B7  t 

PRHEX2 

LB 

F9C1 

PRHEXZ 

LB 

F9B9 

PRINTAl 

LB 

FA7  5 

PROMPT 

AB 

006B 

PRSPC 

LB 

FA8  7  1 

RDCHAR 

LB 

FD60 

RDKEY 

LB 

FD0C 

READ 

LB 

FAD4 

RECON 

AB 

F686 

REPEAT 

LB 

FA2D  1 

REPEATl 

LB 

FA35 

RESET 

LB 

FFFC 

RETl 

LB 

F7FE 

RET  2 

LB 

F900 

RET  3 

LB 

F882  1 

RETAl 

LB 

F9AD 

RIGHTl 

LB 

FBDl 

RMARGIN 

AB 

0059 

ROWTEMP 

AB 

00C0 

RWERROR 

LB 

FA97  1 

RWLOOP 

LB 

FADB 

SAVCMD 

LB 

FAD  9 

SCAN 

LB 

F912 

SCRLl 

LB 

FC61 

SCRL2 

LB 

FC63  1 

SCRL3 

LB 

FC7A 

SCRNLOC 

AB 

005  8 

SCROLL 

LB 

FC5B 

SEARCH 

LB 

FA09 

SEP 

LB 

FAAE  1 

SET80 

LB 

FB67 

SET80A 

LB 

FB6F 

SET80B 

LB 

FB7B 

SETCHZ 

LB 

FBD7 

SETCV 

LB 

FBC5  1 

SETCVH 

LB 

FBDB 

SETMDZ 

LB 

FADl 

SETMODE 

LB 

FACC 

SETUP 

LB 

FD9D 

SETUP 1 

LB 

FDA2  1 

SHFTCNT 

LB 

FEIA 

SPCE 

LB 

FAB  8 

SRCHl 

LB 

FA15 

STACK 

AB 

006A 

STATE 

AB 

007  C  1 

STOPLST 

LB 

FD02 

STOR 

LB 

FABF 

STORl 

LB 

FAC3 

STORCHRS 

LB 

FE2B 

STOROW 

LB 

FE2C  1 

STORSET 

LB 

FE2A 

SVMASK 

LB 

F9D3 

TBAS4H 

AB 

0063 

TBAS4L 

AB 

0058 

TBAS8H 

AB 

0065  1 

TEAS 8 L 

AB 

0064 

TEMP 

AB 

0080 

TEMPX 

AB 

006C 

TEMPY 

AB 

006D 

TOSUB 

LB 

F95E  1 

TST80WID 

LB 

F9CB 

TSTAl 

LB 

F99D 

TSTBACK 

LB 

FBE9 

TSTBELL 

LB 

FC4A 

TSTCR 

LB 

FBAB  1 

TSTDUMP 

LB 

FB0A 

UNDER 

LB 

FE7  9 

USER 

LB 

FABC 

USERADR 

AB 

0358 

VBOUNDS 

LB 

FFB8  1 

VRETRCE 

LB 

FEAE 

VRFY 

LB 

FA4F 

VRFYl 

LB 

FAS  4 

VRFY2 

LB 

FA60 

VWAIT 

LB 

FEBF  1 

WINBTM 

AB 

005  B 

WINTOP 

AB 

005A 

WRTE 

LB 

FAD  7 

YSAV 

AB 

007  D 

YTEMP 

AB 

00A4  1 

ZIPTEMPS 

LB 

FDD5 

Z STATE 

LB 

F967 

Assembly  complete:       1129  lines 
0   Errors  flagged  on  this  Assembly 


6502  OPCODE  STATIC  FREQUENCIES 


ADC 
AND 
ASL 
BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 
BVC 
BVS 
CLC 
CLD 
CMP 
CPX 
CPY 
DEC 
DEX 
DEY 
EOR 
INC 
I  NX 
INY 
JMP 
JSR 
LDA 
LDX 
LDY 
LSR 
ORA 
PHA 
PHP 
PLA 
PLP 
ROL 
RTI 
RTS 
SBC 
SEC 
SEI 
STA 
STX 
STY 
TAX 
TAY 
TSX 
TXA 
TXS 
TYA 


5 

14 

12 

21 

20 

82 

12 

7 

41 

18 

2 

3 

7 

2 

36 

1 

2 

7 

7 

9 

6 

18 

3 

3 

18 

79 

117 

12 

20 

11 

10 

16 

4 

14 

3 

4 

1 

34 

67 

5 

1 

72 

7 

5 

2 

5 

1 

2 

1 

3 


******** 

******* 

************* 

************ 

**********************************! 

******* 

**** 

************************** 

*********** 


********************** 


**  *  * 
*  *  *  *  1 

**  * 


■***************! 


*********** 

**********************: 
[.]    **********************; 
******* 
************ 
******* 
****** 
********** 
*  * 
******** 


********************* 

****************************************** 
**  * 

********************************************** 
**  ** 
**  * 


************************** 
*************************************************** 
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Minimum  frequency 
Maximum  frequency 


1 
117 


17 


Average  frequency 

Unused  opcodes: 

BRK   CLI   CLV   NOP   ROR   SED 

Program  opcode  usage:   89  % 


(1.00)    That's   all.    Folks    ... 


■F/m= 
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1  INTRODUCTION 

This  document  provides  a  general  overview  of  the  contents  of  the  Apple  /// 
computer  ROM  revision  1.    This  information  should  be  used  in  conjunction  with  a 
copy  of  the  ROM  source  code  listing.    The  audience  of  this  document  is  anyone 
with  an  Interest  in  the  technology  of  the  Apple  ///  computer's  hardware  and 
software. 

NOTE 

There  were  two  revisions  of  the  Apple  ///  ROM,  revision  0  and  revision  1. 
Revision  0  ROMs  had  at  address  F1B9  the  value  60.  Revision  1  ROMs  had  at 
address  F1B9  the  value  AO. 

This  ROM  contains  4  KB  of  6502  programming  and  several  data  tables.    The  ROM 
occupies  memory  addresses  FOOO-FFFF.    The  basic  purpose  of  the  ROM  is  to  test 
the  Apple  ///  computer  hardware  and  boot  an  operating  system  from  the  ///'s 
built-in  floppy  disk  drive.    The  ROM  also  contains  a  simple  Monitor  program  whose 
purpose  is  to  allow  the  user  to  interact  with  the  ///  at  the  hexadecimal  level. 

Apple  planned  from  an  architectural  perspective  to  support  two  4K  ROMs.    But 
only  one  ROM  was  ever  created.    The  Environment  Register  let  you  control  which 
ROM  was  active.    Both  ROMs  shared  the  same  address  space  so  you  could  only 
have  one  ROM  active  at  a  time.    This  feature  would  have  doubled  the  ROM's 
effective  size  providing  Apple  with  more  room  for  ROM-based  features  that  higher- 
level  ///  software  (e.g.  SOS)  could  have  used. 

When  the  Apple  ///  computer  is  turned  on  the  ROM's  flow  of  execution  is  as 
follows: 
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1)  The  ROM  starts  execution  at  the  address  contained  in  FFFC-FFFD  (RESET)  which  is 
address  F4EE  (DIAGN). 

2)  Diagnostics  (DIAGN/F4EE)  starts.    The  diagnostic  first  initializes  some  memory  for  the 
ROM's  use.     If  the  Open  Apple  and  the  Control  keys  are  held  down  then  enter  the  ROM 
Monitor.    Otherwise  run  several  diagnostic  checks  of  the  ///  hardware  (tests  zero 
page,  sizes  memory,  initializes  screen  text  buffer,  tests  stack  memory,  tests  ROM 
checksum,  tests  VIA  chip,  tests  ACIA  chip,  tests  A/D  circuitry,  tests  keyboard 
connection).    Any  diagnostic  failures  display  an  error  message  and  the  user  has  to 
reset  the  computer. 

3)  Read  block  0  (512  bytes)  to  address  AOOO  from  the  floppy  disk  in  the  built-in  disk  drive 
(B00T/F6A1).     If  no  disk  is  found  or  block  0  cannot  be  read  then  display  "RETRY"  and 
wait  for  the  user  to  reset  the  computer.    If  the  block  is  successfully  read  then  execute 
the  block  contents  (this  is  called  the  SOS  Bootstrap  Loader:  see  section  ROM  USAGE  BY 
SOS). 


ROM  SECTIONS 


Section 


Address 


Purpose 


Disk  I/O        F000-F4C4    Read  and  write  floppy  disk  blocks  (512  bytes  each) 

Diagnostics  F4C5-F7FE    Diagnose  the  ///  hardware 

Monitor       F7FF-FFFF  Interacts  with  user  so  user  can  do  simple  things 


IMPORTANT  ROM  ROUTINES 


BLOCKIO  /  F479 

BOOT  /  F6A1 
ENTRY  /  F901 
DIAGN  /  F4EE 
USRENTaY/F6E6 


Reads  or  write  a  disk  block  (512  bytes),  calls  routine  REGRWTS  (FOOO) 
w^hich  reads  a  sector  (256  bytes)  from  the  disk. 

Read  floppy  disk  block  *0  into  address  AOOO,  execute  the  block. 

Monitor  entry  point. 

Diagnostic  entry  point. 

Tests  RAM  and  displays  a  table  sho-wing  chip  failures  (users  may  execute 
this  routine  from  the  Monitor).    This  test  is  aimed  at  Apple  ///s  with 
128K  of  RAM  that  exists  on  the  older  12- Volt  RAM  boards.     Though  this 
routine  \vin  \vork  -with  the  nev/er  5- Volt  RAM  boards  (256K)  this  test 
shows  v^n'ong  information  ^A^hcn  RAM  errors  occur  since  the  two  RAM 
boards  contain  a  different  number  of  RAM  chips.    You  can  identify  the 
different  RAM  boards  as  follows:    The  5V  boards  have  a  large  gray 
ceramic  resistor  near  the  edge  and  the  12V  boards  have  a  small  blue 
tubular  capacitor.    To  test  the  ///'s  RAM  you  really  should  use  Apple's  /// 
Diagnostics  Disk  which  lets  you  specify  which  RAM  board  you  have. 


ROM  TABLES 


Here's  a  list  of  the  important  data  tables  in  the  ROM 
disk  I/O  tables. 


This  list  does  not  include 
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Table  Name  /  Address     Contents 


CHRSET  /  FEC5-FFB3  Default  character  set  (overridden  when  SOS  loads  the  character 

act  from  SOS.  DRIVER) 

Copyright  /  FFCO-FFEF  Copyright  message  (contains  the  initials  "JRH''  for  J.  R.  "Dick" 

Huston  who  was  a  key  player  behind  the  ///  and  SOS) 

NMl  /  FFFA-FFFB  Jump  address  for  the  Non-Maskable  Interrupt  signal 

RESET  /  FFFC-FFFD  Jump  address  when  the  ///  is  powered  on 

IRQ  /  FFFE-FFFF  Jump  address  for  the  Interrupt  Request  signal 


ROM  USAGE  BY  SOS 


The  Apple  ///  operating  system  (SOS  =  Sophisticated  Operating  System  or  Sara's 
OS)  uses  several  ROM  routines.    These  routines  seem  to  all  be  related  to  disk  block 
I/O.    The  following  discussion  is  based  on  SOS  version  1.3. 

When  the  ROM  loads  block  0  from  a  SOS  disk  the  ROM  is  loading  the  SOS  Bootstrap 
Loader  program.    This  program,  which  is  at  most  512  bytes  in  length,  uses  the 
ROM  routine  REGRWTS  (FOOO)  to  read  the  SOS  Loader  into  memory.    This  program 
does  not  test  the  ROM  revision.    It  is  interesting  to  note  that  ROM  routine  BLOCKIO 
is  not  used,  instead  a  lower-level  routine  (REGRWTS)  is  used. 

The  SOS  Loader  determines  if  the  ROM  is  revision  1  by  comparing  address  FlB9's 
contents  against  AO  (reference:  SOS  source  file  SOSLDR.D.SRC).    If  this  comparison 
fails  then  SOS  displays  on  the  screen  the  error  "ROM  ERROR:  PLEASE  NOTIFY  YOUR 
DEALER."    If  the  ROM  revision  is  correct  then  the  SOS  loader  uses  the  ROM's  disk 
I/O  routines  to  read  more  of  SOS  into  memory. 

The  disk  ///  driver  that  is  built  into  SOS  also  uses  the  ROM  to  perform  disk  block 
I/O  (reference:  DISK3.SRC).     It  is  interesting  to  note  that  when  the  disk  driver  is 
initialized  the  driver  checks  if  the  ROM  revision  is  0  or  1.    A  revision  of  0  is 
detected  If  address  F1B9  contains  60.    If  neither  revision  is  found  then  the  disk 
driver  returns  an  error  to  SOS  (I  don't  think  this  will  ever  happen  since  the  SOS 
loader  has  already  determined  that  the  ROM  is  revision  l).     For  a  valid  ROM 
revision  the  disk  driver  sets  up  several  jump  vectors  which  point  to  the 
appropriate  addresses  in  the  ROM  for  the  various  ROM  routines  needed  by  the  disk 
driver.    Therefore,  the  disk  driver  seems  compatible  with  either  ROM  revision 
whereas  the  SOS  loader  likes  only  revision  1. 

The  .CONSOLE  driver  source  listing  appears  to  not  use  any  ROM  routines  even 
though  the  ROM  contains  40  and  80  column  text  routines  and  keyboard  input 
routines.    I  assume  the  console  driver  was  much  more  sophisticated  than  the 
ROM's  text  features  and  so  using  the  ROM  routines  would  not  have  worked  well  for 
this  driver.    I  also  assume  that  if  the  console  driver  used  the  ROM  that  when  ROM 
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revision  1  \^^as  built  the  console  driver  v/ould  have  had  to  be  changed  and  Apple 
(smartly)  did  not  "want  to  do  this. 

6  MONITOR  COMMANDS 

Holding  down  the  Open  Apple  and  Control  keys  when  the  ///  starts  or  when  you 
press  the  Reset  key  activates  the  ///  ROM  Monitor.    The  screen  will  display  in  the 
upper  left  corner  a  small  right-facing  arrow  with  a  blinking  underscore  character 
as  the  cursor.    The  Monitor's  commands  are  based  on  the  Apple  ]['s  Monitor 
comnnands  but  some  commands  have  changed  slightly  and  others  are  new  for  the 
(newer)  ///. 

The  Monitor  supports  the  following  commands: 
addrl.addr2 


Dump  memory  data  to  screen  from  address  1  to  address  2  and  display 
ASCII  character  at  the  right  of  the  screen. 


CARRIAGE  RETURN 

SPACE 

addr:byteL-list 

addr:'tcxt' 

addr:"text" 


Dump  next  line  of  addresses  to  the  screen. 

Pause  current  memory  dump.    Press  again  to  continue. 

Store  starting  at  the  address  the  list  of  bytes. 

Store  text  starting  at  address  "with  high  bit  clear. 

Store  text  starting  at  address  with  high  bit  set. 
addr3<addrl.addr2M    Move  data  in  addresses  1-2  to  address  3. 

addr3<addrl.addr2V    Verify  data  in  addresses  1-2  is  the  same  as  data  starting  at  address  3. 
byte<addrl.addr2S         Search  memory  in  address  range  1-2  for  the  byte. 
block<addrl.addr2W     Write  address  range  to  disk  starting  at  the  disk  block. 
block<addrl.addr2R      Read  disk  starting  at  block  to  the  address  range. 


addrG 
addrJ 
U 
X 

ESC-8 
ESC-4 

/ 
CTRL- 1 


Call  subroutine  at  the  address. 

Jump  to  the  address. 

Call  user  routine  starting  at  address  $03F8. 

Repeat  last  command  line  until  you  press  the  SPACE  BAR. 

Display  80  columns  of  text. 

Display  40  columns  of  text. 

Seperate  multiple  commands  on  the  same  line. 

Interrupt  current  operation,  return  to  Monitor  command  line. 
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Note:     See  Wells'  Apple /// Entry  Points  zrticlz  for  a  great  overview  of  the  ROM 
Monitor,  its  commands  (wltn  some  syntax  errors),  and  the  memory 
locations  that  need  setting  up  for  the  key  ROM  routines  to  work.     Apple's 
/// Service  Reference  Manual  {"^i.  13.57)  has  a  list  of  Monitor  commands. 
Anderson's  The  Apple  Nobody  Knows  ^i^o  has  good  Monitor  command  info. 

To  obtain  a  binary  dump  of  the  ///  ROM  you  can  do  the  following: 

1.  Initialize  a  disk  on  either  the  ///  or  an  Apple  ][  computer. 

2.  Insert  the  new  disk  in  the  ///. 

3.  Start  the  ///  and  hold  down  the  Open  Apple  and  Control  keys. 

4.  You  should  be  in  the  ///  Monitor. 

5.  Type  0<FOOO.FFFW  to  write  the  ROM  to  disk  blocks  0  to  7 

6.  Use  a  disk  block  reader  on  the  ///  or  the  ][  to  read  the  ROM  blocks  and  save 
them  to  a  real  file. 

This  disk  writing  is  needed  since  the  ROM  does  not  provide  a  command  for 
redirecting  screen  output  to  the  ///'s  serial  port.    But,  I've  read  that  you  can 
output  the  ROM  contents  to  the  ///'s  serial  port  but  this  involves  using  the  Monitor 
to  write  a  small  program.    If  anyone  has  such  a  program  please  send  a  copy  my 
way. 

7  A  FEW  COMMENTS 

I  find  it  interesting,  at  least  from  a  software  engineering  perspective,  to  note  that 
in  my  opinion  the  ///  ROM  is  missing  several  key  features  which  I  thought  any 
system  ROM  would  need.    The  ROM  is  missing  two  features  which  I  think  would 
have  been  useful  to  Apple  and  outside  ///  programmers: 

1)  The  ROM  does  not  have  an  explicit  version  number  which  exists  at  a  specific  ROM 
address.    This  version  number  could  be  used  to  validate  the  ROM  in  case  there  were 
several  different  ROMs  (as  there  -were).    Apple  uses  a  pscudo  ROM  version  number 
(called  the  revision  number)  during  the  loading  of  SOS  but  this  is  somewhat  lame  in 
my  opinion. 

2)  The  ROM  does  not  have  a  dispatch  routine  for  use  by  the  OS  or  applications  that  want 
to  use  ROM  routines.    This  dispatch  routine  -wouid  reside  at  a  specific  address  (e.g., 
FOOD)  and  it  would  take  as  input  a  command  number  and  a  set  of  parameters.    These 
parameters  could  be  passed  via  registers  or  on  the  stack.    This  routine  wx»uid  allow 
Apple  to  change  the  ROM  and  ROM  "users"  would  not  need  to  change  their 
programming  as  long  as  they  used  the  selector  routine.    The  Apple  ][  ROM  did  not  have 
such  a  routine  which  caused  Apple  many  headaches  v/hen  it  v/anted  to  change  the 
Apple  ][  ROM  and  had  to  keep  lots  of  routines  in  their  same  place. 

3)  The  ROM  source  code  is  rather  sparse  concerning  comments.    It  ^vould  be  nice  if  the 
ROM  contained  detailed  information  about  what  each  routine  did  and  how  to  call  the 
routines.    Obviously,  Apple  did  not  expect  anyone  but  Apple's  own  programmers  to 
ever  see  the  ROM  source  or  use  the  ROM  routines,     (I've  seen  the  Lisa  computer's  ROM 
listing  v/hich  is  much  better  documented  than  the  ///'s  and  both  are  comparable  in 
terms  of  age). 

Inside  the  Apple  ///  Computer  ROM    •    David  T  Craig    •    04  Dec  1997    -5/6 

"APPLE_PAT_4_383_296_D_07"  257  KB  2000-02-28  dpi:  300h  x  300v  pix:  2263h  x  2992v 

David  T  Craig    *    21  February  2004  |  Page  01 61  of  051  s" 


Apple  Computer  Selected  Patents 


8  REFERENCES 

Apple  ///  ROM  Listing  -  Revision  0 

This  can  be  found  in  the  Apple  ///  patent  (*4, 383, 296)  dated  May  1983.     Note  that 
in  places  this  ROM  listing  is  not  always  readable. 

Apple  ///  ROM  Listing  -  Revision  1 

I  have  a  very  readable  listing  of  the  revision  1  ROM  that  was  printed  on  a  laser 
printer. 

Apple  ///  Service  Reference  Manual  (Level  2) 

This  almost  500  page  document  by  Apple  has  everything  you  would  want  to  know 
about  the  ///'s  hardware,  low-level  software,  and  how  to  service  a  broken  ///. 
Includes  descriptions  of  the  System  Monitor  (a.k.a.  Development  Monitor)  [page 
17.3]  and  the  built-in  RAM  test  routine  [page  13.51]. 

Apple  ///  SOS  Bootstrap  Loader  Listing 

Shows  how  512  bytes  of  code  are  used  to  load  SOS  from  disk  into  the  ///'s 
memory. 

The  following  articles  provide  good  ROM  information: 

Apple /// Entry  Points,  Andy  Wells,  Call- APPLE,  October  1981 

Apple  ///  Dabbling,  Rick  Smith,  Apple  Orchard,  Summer  1981 

///Bits:  John  Jeppson's  Guided  Tour  of  Highv\ray ///  John  Jcppson,  Softalk,  May  1983 

The  Apple  Nobody  KnowSy  Alan  Anderson,  Apple  Orchard,  Fall  1981 

Unlocking  the  Apple///  -  Part  4  Alan  Anderson,  Apple  Orchard,  September  1982 

Apple///:  12-Volt  128K  Internal  Diagnostics,  Apple  Technical  Information  Library 

9  DOCUMENT  MODIFICATION  HISTORY 

30  Nov  1997  Created  this  document. 

04  Dec  1997  Corrected  a  few  problems,  extended  the  Reference  section  to 

include  more  ///  articles  pertaining  to  the  ///  ROM,  added  this 
section,  added  section  MONITOR  COMMANDS. 

### 
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INTRODUCTION 


This  document  provides  a  general  overview  of  the  contents  of  the  Apple  /// 
computer  ROM  revision  1.    This  information  should  be  used  in  conjunction  with 
a  copy  of  the  ROM  source  code  listing.    The  audience  of  this  document  is  anyone 
with  an  interest  in  the  technology  of  the  Apple  ///  computer's  hardware  and 
software. 

NOTE 
There  were  two  revisions  of  the  Apple  ///  ROM,   revision  0  and 
revision  1.      Revision  0  ROMs  had  at  address  F1B9  the  value  60. 
Revision  1  ROMs  had  at  address  F1B9  the  value  AC. 

This  ROM  contains  4  KB  of  6502  programming  and  several  data  tables.    The  ROM 
occupies  memory  addresses  FOOO-FFFF.    The  basic  purpose  of  the  ROM  is  to  test 
the  Apple  ///  computer  hardware  and  boot  an  operating  system  from  the  ///'s 
built-in  floppy  disk  drive.    The  ROM  also  contains  a  simple  Monitor  program 
whose  purpose  is  to  allow  the  user  to  interact  with  the  ///  at  the  hexadecimal 
level. 

When  the  Apple  ///  computer  is  turned  on  the  ROM's  flow  of  execution  is  as 
follows: 

1)  The  ROM  starts  execution  at  the  address  contained  in  FFFC-FFFD  (RESET) 
which  is  address  F4EE  (DIAGN). 

2)  Diagnostics  (DIAGN/F4EE)  starts.     The  diagnostic  first  initializes  some 
memory  for  the  ROM's  use.    If  the  Open  Apple  Key  is  held  down  then  enter 
the  ROM  Monitor.    Otherwise  run  several  diagnostic  checks  of  the  /// 
hardware  (tests  zero  page,  sizes  memory,  initializes  screen  text  buffer. 
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tests  stack  memory,  tests  ROM  checksum,  tests  VIA  chip,  tests  ACIA  chip, 
tests  A/D  circuitry,  tests  keyboard  connection).    Any  diagnostic  failures 
display  an  error  message  and  the  user  has  to  reset  the  computer. 

3)        Read  block  0  (513  bytes)  to  address  AOOO  from  the  floppy  disk  in  the  built- 
in  disk  drive  CB00T/F6A1).    If  no  disk  is  found  or  block  0  cannot  be  read 
then  display  "RETRY"  and  wait  for  the  user  to  reset  the  computer.    If  the 
block  is  successfully  read  then  execute  the  block  contents  (this  is  called  the 
SOS  Bootstrap  Loader:  sec  section  ROM  USAGE  BY  SOS). 

2  ROM  SECTIONS 

Section         Address        Purpose 

Disk  I/O        F000-F4C4    Read  and  write  floppy  disk  blocks  (512  bytes  each) 

Diagnostics  F4C5-F7FE    Diagnose  the  ///  hardware 

Monitor        F7FF-FFFF  Interacts  with  user  so  user  can  do  simple  things 

3  IMPORTANT  ROM  ROUTINES 

BLOCKIO  /  F479      Reads  or  write  a  disk  block  (512  bytes),  calls  routine  REGRWTS 
(FOOO)  which  reads  a  sector  (256  bytes)  from  the  disk 

BOOT  /  F6A1  Read  floppy  disk  block  *0  into  address  AOOO,  execute  the  block 

ENTRY  /  F901        Monitor  entry  point 

DIAGN  /  F4EE         Diagnostic  entry  point 

USRENTRY/F6E6    Tests  RAM  and  displays  a  table  showing  chip  failures  (users 
may  execute  this  routine  from  the  Monitor) 

4  ROM  TABLES 

Here's  a  list  of  the  important  data  tables  in  the  ROM.    This  list  does  not  include 
disk  I/O  tables. 


Table  Name  /  Address     Contents 


CHRSET  /  FEC5-FFB3         Default  character  set  (overridden  when  SOS  loads  the 

character  set  from  SOS.  DRIVER) 

Copyright  /  FFCO-FFEF    Copyright  message  (contains  the  initials  "JRH"  for  J.  R 

Huston  who  was  a  key  player  behind  the  ///  and  SOS) 

NMI  /  FFFA-FFFB  Jump  address  for  the  Non-Maskable  Interrupt  signal 

RESET  /  FFFC-FFFD  Jump  address  when  the  ///  is  powered  on 
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IRQ  /  FFFE-FFFF  Jump  address  for  the  Interrupt  Request  signal 

5  ROM  USAGE  BY  SOS 

The  Apple  ///  operating  system  (SOS)  uses  several  ROM  routines.  These  routines 
seem  to  all  be  related  to  disk  block  I/O.  The  following  discussion  is  based  on  SOS 
version  1.3. 

When  the  ROM  loads  block  0  from  a  SOS  disk  the  ROM  is  loading  the  SOS 
Bootstrap  Loader  program.    This  program,  which  is  at  most  512  bytes  in  length, 
uses  the  ROM  routine  REGRWTS  (FOOO)  to  read  the  SOS  Loader  into  memory. 
This  program  does  not  test  the  ROM  revision.     It  is  interesting  to  note  that  ROM 
routine  BLOCKIO  is  not  used,  instead  a  lower-level  routine  (REGRWTS)  is  used. 

The  SOS  Loader  determines  if  the  ROM  is  revision  1  by  comparing  address  FlB9's 
contents  against  AO  (reference;  SOS  source  file  SOSLDR.D.SRC).     If  this 
comparison  fails  then  SOS  displays  on  the  screen  the  error  "ROM  ERROR:  PLEASE 
NOTIFY  YOUR  DEALER."    If  the  ROM  revision  is  correct  then  the  SOS  loader  uses 
the  ROM's  disk  I/O  routines  to  read  more  of  SOS  Into  memory. 

The  disk  ///  driver  that  is  built  into  SOS  also  uses  the  ROM  to  perform  disk  block 
I/O  (reference:  DISKS. SRC).     It  is  interesting  to  note  that  when  the  disk  driver  is 
initialized  the  driver  checks  if  the  ROM  revision  is  0  or  1.    A  revision  of  0  is 
detected  if  address  F1B9  contains  60.    If  neither  revision  is  found  then  the  disk 
driver  returns  an  error  to  SOS  (I  don't  think  this  will  ever  happen  since  the  SOS 
loader  has  already  determined  that  the  ROM  is  revision  l).    For  a  valid  ROM 
revision  the  disk  driver  sets  up  several  Jump  vectors  which  point  to  the 
appropriate  addresses  in  the  ROM  for  the  various  ROM  routines  needed  by  the 
disk  driver.    Therefore,  the  disk  driver  seenns  compatible  with  either  ROM 
revision  whereas  the  SOS  loader  likes  only  revision  1. 

6  A  FEW  COMMENTS 

I  find  it  interesting,  at  least  from  a  software  engineering  perspective,  that  the 
ROM  is  missing  some  key  features  which  I  thought  any  system  ROM  would  need. 
The  ROM  is  missing  two  features  which  I  think  would  have  been  useful  to  Apple 
and  outside  ///  programmers: 

1)  The  ROM  does  not  have  an  explicit  version  number  which  exists  at  a 
specific  ROM  address.    This  version  number  could  be  used  to  validate  the 
ROM  in  case  there  were  several  different  ROMs  (as  there  were) .    Apple  uses 
a  pseudo  ROM  version  number  (called  the  revision  number)  during  the 
loading  of  SOS  but  this  Is  somewhat  lame  in  my  opinion. 

2)  The  ROM  does  not  have  a  selector  routine  for  use  by  the  OS  or  applications 
that  want  to  use  ROM  routines.    This  selector  would  reside  at  a  specific 
address  (e.g..  FOOO)  and  It  would  take  as  input  a  command  number  and  a 
set  of  parameters.    These  parameters  could  be  passed  via  registers  or  on 
the  stack.     This  routine  would  allow  Apple  to  change  the  ROM  and  ROM 
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"users"  would  not  need  to  change  their  programming  as  long  as  they  used 
the  selector  routine.    The  Apple  ][  ROM  did  not  have  such  a  routine  which 
caused  Apple  many  headaches  when  It  wanted  to  change  the  Apple  ]  [  ROM 
and  had  to  keep  lots  of  routines  in  their  same  place. 

7  REFERENCES 

Apple  ///ROM  Listing 

I  have  a  very  nice  listing  of  revision  1  ROM.    A  listing  (that  is  somewhat 
readable)  for  the  earlier  revision  0  ROM  may  be  found  in  the  Apple  ///  patent. 

Apple  ///  Service  Reference  Manual  (Level  2) 

This  almost  500  page  book  by  Apple  has  everything  you  would  want  to  Know 
about  the  ///'s  hardware,  low-level  software,  and  how  to  service  a  broken  ///. 
Includes  descriptions  of  the  System  Monitor  (a.k.a.  Development  Monitor)  [page 
17.3]  and  the  built-in  RAM  test  routine  [page  13.51]. 

Apple  ///  SOS  Bootstrap  Loader  Listing 

Shows  how  512  bytes  of  code  is  used  to  load  SOS  from  disk  into  the  ///*s 
memory. 

### 
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SOME  COAAMENTS  ABOUT  THE 
APPLE  ///  COMPUTER  BOOT  ROM 


David  T  Craig  -  27  February  2004 


BACKGROUND 

The  Apple  ///  computer  was  introduced  by  Apple  Computer  in  1980  and  was 
discontinued  in  1985. 

This  computer  was  a  microcomputer  with  orginally  128  KB  of  RAM  memory 
expandable  to  256  KB  of  RAM.  It  featured  a  4  KB  ROM  (addressed  from  $F000  to 
$FFFF  hexadecimal)  which  housed  the  initial  programming  that  executed  when 
the  user  turned  on  the  computer.  This  ROM  contained  programming  for  the 
following  functions: 

+        diagnose  hardware  circuitry  and  memory 

+        load  and  run  a  disk  operating  system  (i.e.  "boot") 

+        provide  an  interface  to  a  simple  monitor  program 

The  author  wrote  these  comments  after  looking  at  the  Apple  ///  ROM  listing  as 
found  in  Apple  Computer's  patent  number  4,383,296  dated  10  May  1983.  This 
analysis  occured  during  a  scanning  of  the  Apple  ///  patent. 


ROM  COAAMENTS 

The  Apple  ///  patent's  ROM  program  listing  is  terrible  in  terms  of  printed 
quality.  Many  parts  are  very  faint  and  impossible  to  read.  I  assume  this  was 
done  on  purpose  by  Apple's  legal  department  so  that  Apple's  competitors  would 
not  be  able  to  duplicate  this  ROM  programming  easily. 
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The  ROM  programming  does  not  seem  to  have  been  built  for  expansion.  By  this  I 
mean  the  programming  seems  to  have  been  written  to  just  make  it  work  and  no 
long  term  thought  was  given  to  the  ROM  programming's  organization. 

There  were  two  verskms  of  the  ROM.  The  Apple  ///  operating  system  (OS) 
programming  needed  to  differentiate  between  the  ROM  versions  since  the  ROM 
contained  several  routines  which  the  OS  used.  This  version  determination  was 
not  done  in  a  logical  way.  A  memory  location  was  chosen  at  random  (at  least  it 
seems  this  way  to  me)  to  serve  as  the  ROM's  "version  number".  The  OS  had  to 
test  this  "version  number"  when  it  needed  to  use  specific  ROM  services. 

The  ROM  version  also  determined  the  location  of  several  ROM  routines  which 
the  Apple  ///OS  used. 

The  ROM's  organization  could  have  been  improved  greatly  in  my  opinion  if  It 
was  organized  differently.  At  the  beginning  of  the  ROM  address  space  ($F000) 
include  a  short  header  containing  the  following: 

$F000  -  ROM  version  number 

$F001  -  ROM  size  (K  bytes) 

$F002  -  ROM  checksum  (2  bytes) 

$F003  -  ROM  routine  dispatch  jump  vector  (3  bytes) 

$F006  -  ROM  copyright  notice  (e.g.  "(c)  Apple  Computer  1980") 

The  remainder  of  the  ROM  would  have  contained  whatever  programming  and 
table  data  was  needed. 

The  routine  dispatch  jump  vector  would  be  a  standard  jump  instruction  to  a 
routine  in  the  ROM  whose  purpose  would  be  to  let  outside  programs  such  as  the 
operating  system,  device  drivers,  or  even  application  programs  access  ROM 
routines  in  a  ROM  version  independent  manner.  The  dispatch  routine  would 
take  as  input  a  command  number  (In  say  the  CPU's  A  register)  and  return  result 
information  in  the  CPU's  X  and  Y  registers.  The  A  register  on  return  would 
contain  an  error  result  with  0  meaning  no  error.  Or,  some  fixed  memory  area 
could  be  use  to  handle  ROM  routine  parameters.  This  dispatch  mechanism 
could  be  seen  as  a  BIOS  (basic  input  output  system). 
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Possible  dispatch  routines  could  be: 

+  Restart  or  Cold  start  or  Warm  start  the  computer 

+  Read  a  block  from  a  disk  drive 

+  Write  a  block  to  a  disk  drive 

+  Return  size  in  blocks  of  a  disk  drive 

+  Checksum  the  ROM  for  diagnostic  purposes 

+  Test  computer's  RAM  memory  for  diagnostic  purposes 

+  Enter  the  Apple  ///  Monitor  program 

This  dispatch  mechanism  would  have  simplified  the  Apple  ///OS  use  of  the 
ROM  services  since  the  ROM  would  always  be  accessed  from  just  one  address 
($F003).  If  the  OS  requested  a  ROM  service  which  was  unavailable  (e.g.  an  old 
ROM  was  installed)  then  the  ROM  would  tell  the  OS  that  the  service  did  not 
exist  via  a  dispatch  error  result. 


CONCLUSION 

Hopefully  this  little  commentary  provides  some  useful  Information  to  its 
reader.  If  you  are  interested  In  the  Apple  ///  computer  you  should  see  its 
patents  (one  is  for  the  Apple  ///,  the  other  is  for  the  Apple  ///  Plus).  The  first 
patent  contains  the  full  ROM  listing,  but  the  author  has  a  real  digital  copy 
which  Is  much  more  readable. 

Enjoy. 

### 
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1 . 0  PURPOSE 

This  document  describes  some  ideas  about  implementing  a  software  emulator  for  the 
Apple  ///  computer.   These  ideas  are  based  on  my  experiences  with  the  Apple  /// 
computer  and  its  software  programming.   No  specific  target  machine  is  mentioned  in 
this  document  since  these  ideas  should  be  non- target  machine  specific.   These  ideas 
are  submitted  to  stimulate  thought  about  such  an  emulator  and  hopefully  inspire 
someone  to  produce  a  working  Apple  ///  emulator. 

The  technical  details  behind  the  Apple  ///  computer,  its  operating  system  (SOS),  and 
///  programs  (e.g.  AppleWriter  ///)  are  based  on  my  extensive  collection  of  /// 
technical  manuals,  specification  sheets,  and  many  ///  technical  articles  (Dr.  John 
Jeppson's  articles  are  very  exhaustive  and  full  of  lots  of  neat  ///  techoid  stuff). 
I  have  around  15  Apple  manuals,  the  majority  of  which  were  published  by  Apple,  which 
include  user  manuals  and  the  technical  programming  manuals. 

For  those  people  seriously  interested  in  implementing  an  Apple  ///  emulator  program  I 
highly  recommend  that  they  have  at  least  the  Apple  ///  Service  Reference  Manual. 
This  manual,  which  is  almost  500  pages  long,  is  the  definitive  reference  for  how  the 
Apple  ///  computer  works.   Most  of  its  contents  describe  theory  of  operation  even 
though  its  title  suggests  service- type  information  only.   The  important  features  of 
this  manual  for  a  ///  emulator  writer  are  the  ///  memory  map  and  the  ///  memory 
mapped  I/O  locations. 

1  also  own  an  Apple  ///  computer  which  still  today  works  very  well.   I  programmed  the 
///  many  moons  ago  and  have  worked  professionally  as  an  Apple  Macintosh  computer 
programmer  since  1984. 

Note:  All  comments  are  welcome.   If  you  have  anything  to  add  or  correct  please  let  me 
know  and  I  will  update  the  master  copy  of  this  document. 

2  ,  0  EMULATOR  GOALS 

The  ///  emulator  should  provide  a  complete  emulation  environment  for  the  faithful 
execution  of  Apple  ///  and  ///  Plus  programs.   As  far  as  the  emulator  user  is 
concerned  when  they  run  the  emulator  program  their  computer  should  work  just  like  an 
Apple  ///  computer  and  all  ///  visual  fidelity  should  be  maintained.   Emulation  of 
the  Apple  ///  Plus  computer  may  also  be  supported  (this  means  the  ///  Plus' 
interlaced  screen) .   If  the  ///  Plus  is  supported  by  the  emulator  you  may  want  to  let 
the  user  specify  if  they  want  to  run  a  ///  or  a  ///  Plus. 

I  think  it  would  be  beyond  neat  if  the  emulator  could  run  Apple's  running  horses  demo 
and  the  other  ///  demos. 

The  ///  emulator  should  support  an  Apple  ///  computer  with  at  least  256K  of  memory 
and  four  floppy  140K  disks  (.Dl,  .D2,  .D3,  .D4) .   Support  for  512K  of  memory  may  also 
exist  since  the  ///'s  operating  system  (SOS)  supports  up  to  512K  of  memory.   Memory 
size,  if  variable,  should  always  be  a  multiple  of  32K.   I  believe  the  lowest  memory 
size  supported  by  the  ///  (ROM?)  is  96K.   Support  for  a  ProFile  disk  may  alsoexist 
(for  this  disk  there  would  need  to  be  a  disk  image  with  a  size  of  5M) .   The  first 
floppy  disk  (.Dl)  would  correspond  to  the  floppy  disk  drive  that  is  built  into  the 
Apple  ///.   The  other  disks  correspond  to  external  disks  and  should  exist  as  image 
files  with  specific  file  names  (e.g.  "Apple  3  Dl",  "Apple  3  D2",  etc).   The  ProFile 
disk  image  file  should  also  have  a  specific  file  name  (e.g.  "Apple  3  ProFile") . 

Image  file  names  should  have  an  extension  (e.g.  ".D3I")  since  this  is  needed  by  PCs. 

3  .  0  EMULATOR  USER  INTERFACE 

When  the  user  runs  the  Apple  ///  emulator  program  the  user  should  see  on  their 
computer  screen  a  screen  (or  a  window  representing  the  screen  on  GUI  systems) 
corresponding  to  the  ///'s  screen  which  the  user  would  see  if  they  were  in  front  of  a 
real  Apple  ///  computer.   All  ///  text  and  graphic  modes  should  be  supported  by  the 
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///  emulator  (this  includes  the  special  modes  supported  by  the  ///  Plus  and  its 
interlaced  screen  architecture) . 

I  recommend  that  the  emulator  also  support  a  screen  dump  facility  that  writes  the 
current  ///  screen  to  either  a  text  file  (for  text  modes)  or  to  a  graphic  file  {for 
graphic  modes)  or  always  just  creates  a  graphic  file.   The  screen  dump  graphic  file 
should  be  a  standard  graphic  file  for  whatever  target  machine  your  support  {e.g.  on 
the  IBM  PC  running  Windows  produce  .BMP  files,  on  the  Apple  Macintosh  produce  PICT 
files) .   Since  the  ///  supports  custom  character  sets  dumping  the  screen  to  a  PICT 
file  (or  to  the  target  computer's  clipboard)  may  be  the  best  solution. 

The  emulator  screen  if  implemented  in  a  GUI  window  may  also  display  a  status  area  at 
the  bottom  of  the  window.  This  status  area  would  display  at  least  two  lines  of  text 
and  would  keep  the  user  informed  of  what  the  emulator  was  doing  internally. 

4  .  0  DISK  IMAGES 

The  ///  emulator  should  read  disk  image  files  which  correspond  directly  to  real  /// 
140K  disks.   When  the  ///  emulator  starts  it  should  look  in  its  folder  and  if  there 
exists  a  ///  disk  image  file  the  emulator  should  boot  this  image.   If  there  are 
multiple  disk  image  files  then  the  emulator  may  want  to  display  a  list  of  these 
images  and  have  the  user  select  an  image  to  boot. 

The  disk  images  should  be  exact  copies  of  real  ///  disks.   To  make  copies  of  these 
disks  there  should  exist  an  utility  program  that  runs  on  the  ///  computer  and  which 
outputs  disk  block  data  to  the  ///  serial  port  (I  plan  to  make  this  utility  and  call 
it  DTCDumpIt) .   This  utility's  output  should  be  a  hex/ascii  dump  that  specifies  block 
numbers  and  has  a  checksum  for  each  line  of  data.   This  utility  should  ask  the  user 
if  it  should  dump  a  file  or  a  disk. 

On  the  target  machine  there  should  exist  a  similar  utility  that  inputs  the  disk  block 
data  and  creates  a  disk  image  file.   I  recommend  that  the  transmitted  disk  block  data 
consist  of  a  hex  dump  with  block  number  and  checksum  information  in  a  human  readable 
fashion.   The  receiving  program  (on  the  target  computer)  would  read  this  human 
readable  information,  verify  that  the  data  was  sent  correctly,  and  produce  binary 
disk  image  file  images  (I  plan  to  create  this  utility  for  the  Apple  Macintosh  and 
call  it  DTCMake///DiskImage) . 

There  should  also  exist  a  disk  image  file  for  the  ///'s  Boot  ROM  (recommended  file 
name:  "Apple  3  Boot  ROM") .   This  image  should  contain  the  4K  ROM  image.   This  ROM 
should  be  the  Revision  1  ROM  {not  Revision  0)  since  this  was  the  last  ROM  produced 
and  SOS  1.3  (the  last  SOS)  requires  this  ROM. 

Users  should  also  be  able  to  format  a  disk  image  by  specifying  the  disk  drive  device 
name  (e.g.  .D2) .   Users  should  then  be  able  to  name  the  disk  image  so  that  they  can 
use  it  later.   Users  should  be  able  to  assign  specific  disk  images  to  specific  disk 
drives . 

I  recommend  that  all  disk  image  files  have  a  very  specific  internal  format.   This 
format  should  support  the  verification  of  disk  image  files  so  that  if  a  disk  image 
file  becomes  corrupted  in  some  fashion  the  ///  emulator  can  detect  this  corruption, 
not  use  the  image,  and  alert  the  user. 

Note:  Support  for  existing  Apple  ]  [  disk  image  files  may  be  feasible  but  I  recommend 
against  this  since  the  format  of  these  images  could  change. 

The  proposed  image  format: 

The  disk  image  file  contains  two  parts,  a  header  part  and  a  data  part.   The  header 
part  appears  first  followed  by  the  data  part.   The  header  part  contains 
identification  and  verification  information.   The  data  part  contains  the  actual  disk 
blocks  for  the  ///  disk.   This  file  contains  only  text,  no  binary  data  appears  here 
in  any  fashion.   The  only  non-text  information  that  can  appear  in  these  files  is  the 
Carriage  Return  (CR)  and  the  Line  Feed  (LF)  characters.   The  emulator  should  ignore 
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LPs  if  appropriate.   All  information  appears  in  lines  with  a  maximum  length  of  255 
characters.   Character  case  is  immaterial.   Blank  lines  are  ignored.   The  reason  for 
this  format  is  so  these  image  files  can  be  transferred  over  the  internet  without  the 
need  for  any  binary- to- text  conversion.   Also,  text-only  files  can  easily  be  viewed 
by  people  using  a  word  processor. 

The  header  part  contains: 

Line  Comments 

Signature  "APPLE  ///  DISK  IMAGE" 

Version  "VERSION"  version  number  (e.g.  "1") 

Image  Name  "IMAGE  NAME"  name  of  image,  anything  the  user  wants, 

most  likely  the  name  of  the  interpreter  on  the  disk, 

e.g.  "Apple  Writer  ///" 

Creation  Date  "CREATED"  date  image  file  created,  "YYYY-MM-DD" 

Created  by  Name  "CREATED  BY"  name  of  person  or  company  who  created  this  image 

Comment  "COMMENT"  comment  for  anything  user  wants 

Data  Size  "DATA  SIZE"  size  of  data  part  (decimal,  e.g.  "143360") 

Data  Checksum  "DATA  CHECKSUM"  hexadecimal  checksum  (e.g.  "FA7C3188") 

Reserved  1  "RESERVED" 

Reserved  2  "RESERVED" 

Reserved  3  "RESERVED" 

Reserved  4  "RESERVED" 

Tech  Comment  "TECH  COMMENT"  name  of  program  that  this  is  for 

Header  Checksum  "HEADER  CHECKSUM"  hexadecimal  checksum  (e.g.  "B97C31D5") 

Notes : 

The  checksum  should  be  calculated  as  the  exclusive-OR  of  each  byte  followed  by  a  left 
rotation  of  1  bit.  Checksum  starts  with  zero.  Checksiims  should  always  be  4  bytes  in 
size  and  be  stored  in  the  header  as  an  8  character  string. 

The  Tech  Comment's  purpose  is  to  allow  people  who  obtain  an  image  file  to  be  able  to 
contact  someone  about  the  file's  purpose. 

The  data  part  contains  lines  representing  16  bytes  from  the  original  disk.   Each  line 
has  a  specific  format  which  begins  with  the  starting  disk  address  for  the  line,  16 
bytes,  the  ASCII  equivalent  of  the  16  bytes,  and  a  checksum  for  the  bytes  of  the  line 
with  the  format : 

[00000000]  0123  4567  89ab  cdef  0123  4567  89ab  cdef  [1234567890123456]  12345678 

The  last  line  of  the  file  must  be  the  word  "FINIS". 

Sample  disk  image  file: 

APPLE  ///  DISK  IMAGE 

VERSION  1 

IMAGE  NAME  Apple  Writer  /// 

CREATED  1997-10-11 

CREATED  BY  David  T.  Craig 

COMMENT  Thanks  to  Paul  Lutus 

DATA  SIZE  16 

DATA  CHECKSUM  FA7C3188 

RESERVED 

RESERVED 

RESERVED 

RESERVED 

TECH  COMMENT  For  David  Craig's  ///  Emulator  -  71533.606@compuserve.com 

HEADER  CHECKSUM  B97C31D5 

[00000000]  0123  4567  89ab  cdef  0123  4567  89ab  cdef  [Apple. ///.Emul .. ]  FA7C3188 
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FINIS 

5.0         6502  CPU  EMULATION 

The  heart  of  the  ///  emulator  should  be  the  emulation  of  the  6502  CPU.   The  heart  may- 
be referred  to  as  the  "6502  engine."   The  emulator  should  support  all  of  the  6502 
instructions,  the  6502  registers,  and  the  special  Apple  ///  registers  (e.g.  the  bank 
switch  register,  the  environment  register,  and  the  zero-page  register) .   Special 
register  descriptions  and  usage  can  be  found  in  the  Apple  ///  SOS  Reference  Manual. 

The  6502  engine  must  be  smart  about  accessing  memory  and  use  the  bank  switch  and 
environment  registers  correctly. 

If  this  level  of  the  ///  emulation  is  complete  and  robust  the  rest  of  the  /// 
emulator  should  work  much  more  easily. 

Support  for  special  ///  features  may  also  exist  at  this  level  of  the  ///  emulator. 
For  example,  the  ///  emulator  may  not  want  to  emulate  all  of  the  ///'s  memory-mapped 
I/O  features,  but  instead  intercept  access  to  special  areas  or  routines  and  call  the 
target  machine's  operating  system  to  handle  these  features.   See  sections  ROM 
EMULATION  and  MEMORY -MAPPED  I/O  EMULATION  for  more  details. 

6.0  ROM  EMULATION 

The  ///  emulator  should  also  support  as  much  as  possible  the  ///'s  Boot  ROM.   This 
means  the  Boot  ROM's  routines  should  work  for  the  most  part  as-is. 

Note:  I  have  a  listing  of  the  Boot  ROM  which  could  be  useful  for  this  emulation 
discussion. 

For  the  Boot  ROM's  floppy  disk  I/O  support  I  recommend  that  all  the  gory  details  here 
not  be  supported  directly  at  the  memory-mapped  I/O  level  but  instead  the  ///  emulator 
should  emulate  this  I/O.   Specifically,  the  ///  emulator  should  intercept  any  access 
to  the  Boot  ROM  routines  which  read  or  write  disk  blocks  and  use  the  appropriate 
target  machine  operating  system  routines  to  accomplish  this  feature. 

The  ///  emulator  should  also  initialize  the  ROM's  character  set  which  the  ROM 
normally  loads  into  a  special  RAM  chip  that  is  not  accessible  to  the  ///'s  6502 
processor.   See  section  MEMORY  BANK  SWITCHING  EMULATION  for  more  details. 

7  . 0         MEMORY -MAPPED  I/O  EMULATION 

All  memory-mapped  I/O  locations  that  in  some  way  deal  with  the  physical  world  need  to 
be  handled  by  the  ///  emulator.   These  areas  include  such  addresses  as  the  speaker 
addresses.   The  Apple  ///  Service  Reference  Manual  provides  detailed  information 
about  these  addresses. 

All  accesses  to  memory  by  the  ///  emulator  must  respect  the  bank  switch  and 
environment  register  settings  so  that  the  emulator  does  not  try  to  access  a  memory- 
mapped  address  when  that  address  is  not  mapped  into  the  6502  address  space. 

Programs  which  access  low- level  I/O  locations  such  as  the  disk  I/O  addresses  should 
not  be  supported,  I  assume  most  ///  programs  will  access  hardware  components  using 
SOS  or  device  drivers. 

Note:  Chris  Smolinski  says  that  emulating  the  low-level  stuff  on  a  Power  PC-based 
Macintosh  is  not  very  difficult  and  works  rather  fast  (he's  implemented  in  his  SARA 
emulator  the  ///'s  floppy  disk  I/O). 

8  ,  0  MEMORY  BANK  SWITCHING  EMULATION 

The  ///  emulator  must  also  fully  support  the  ///'s  bank  switched  and  enhanced 
indirect  addressing  memory  architecture.   Detailed  descriptions  and  usage  of  /// 
memory  handling  can  be  found  in  the  Apple  ///  SOS  Reference  Manual. 
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The  ///  emulator  should  also  support  the  firs   character  set  RAM  chip.   This  holds 
the  bitmap  descriptions  of  each  of  the  128  characters  in  the  ///  character.   This  RAM 
area,  which  is  not  accessible  to  the  ///'s  6502  CPU/  holds  1024  bytes.   See  the  Apple 
///  Standard  Device  Drivers  Manual  (Console  Character  Sets  section)  for  more 
information. 

Note:  I  believe  the  storage  of  the  Boot  ROM  character  set  is  different  than  the 
storage  of  the  character  set  in  the  SOS. DRIVER  file.   I  believe  the  ROM  character  set 
has  bits  that  are  reversed  compared  to  the  SOS. DRIVER  character  set. 

The  storage  of  text  and  graphics  in  memory  should  be  supported  also.   This  should 
happen  automatically  when  a  ///  program  writes  to  the  text/graphic  memory  buffers. 
The  emulator  needs  to  detect  such  writes  and  update  its  screen  as  appropriate. 

9  .  0  SOS  SYSTEM  CALL  EMULATION 

The  majority  of  system  calls  to  SOS  and  its  drivers  should  most  likely  not  be 
intercepted  by  the  ///  emulator.   But  certain  calls  may  need  to  be  intercepted  unless 
a  lower  level  of  the  ///  emulator  intercepts  these  feature  already.   System  calls  to 
SOS  or  drivers  that  may  need  intercepting  by  the  ///  emulator  could  be: 

o  Disk  I/O  (.D[l-4]  and  .PROFILE  drivers) 

o  Keyboard  I/O  (.CONSOLE  driver) 

o  Screen  I/O  (.CONSOLE  and  .GRAPHIC  drivers) 

o  Sound  generation  (.AUDIO  driver) 

o  Serial  port  I/O  (.RS232  driver) 

o  Silentype  Printer  (.SILENTYPE)   [I'm  not  sure  about  support  for  this] 

0  Clock  I/O  (Y2K  dates  may  be  a  problem) 

1  recommend  that  the  ///  emulator  intercept  all  activity  dealing  with  the  above  and 
have  the  target  machine  perform  the  equivalent  features.   For  example,  to  read  or 
write  a  disk  block  the  ///  emulator  should  have  a  routine  that  accesses  the 
appropriate  location  in  the  disk  image  file. 

The  ///  emulator  may  also  provide  the  user  with  some  type  of  setup  options  so  that 
the  user  can  specify  specific  properties  of  some  of  the  above  drivers.   For  example, 
if  the  target  machine  supports  several  output  ports  the  emulator  may  let  the  user 
specify  which  port  to  use  (e.g.  for  the  .PRINTER  driver  the  user  could  assign  it  to  a 
specific  serial  or  parallel  port  on  the  target  machine) . 

Note:   The  ///'s  clock  does  not  support  the  year  2000  or  greater.   I  think  the 
emulator  should  support  Y2K  dates  but  I'm  not  sure  if  SOS's  file  system  date  stamps 
will  support  this  easily. 

10.0         DEVICE  DRIVER  EMULATION 

This  section  is  for  the  most  part  handled  by  my  comments  in  section  SOS  SYSTEM  CALL 
EMULATION.   I  suspect  the  programming  within  the  ///  emulator  for  this  area  could  be 
the  most  work  since  there  are  lots  of  device  drivers  that  make  up  a  simple  Apple  /// 
configuration. 

One  area  of  device  drivers  that  the  ///  emulator  may  not  want  to  emulate  is  interrupt 
handling.   Since  the  emulator  does  not  have  physical  devices  connected  to  it  in  any 
direct  fashion  I  don't  think  interrupts  exist  as  far  as  the  emulator  is  concerned. 
Interrupts  dealing  with  disks  or  the  keyboard  can  be  handled  at  a  lower  level  by 
having  the  ///  emulator  call  the  appropriate  system  call  in  the  target  machine. 
These  low- level  I/O  handlers  should  set  up  the  appropriate  driver  data  areas  so  that 
the  rest  of  the  ///'s  software  (SOS  and  the  interpreter)  will  work  correctly.   For 
example,  keyboard  I/O  should  be  setup  in  the  ///  emulator  so  that  when  the  keyboard 
input  memory-mapped  I/O  location  is  accessed  the  target  machine  OS  really  reads  the 
keyboard  and  sets  up  the  memory-mapped  location  as  appropriate. 

11 .  0         KEYBOARD  SUPPORT 
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11.1  User   interface  support 

The  ///  computer's  keyboard  layout  is  basically  compatible  with  modern  keyboards. 
The  ///  keyboard  does  have  two  extra  keys.  Open  Apple  and  Closed  Apple  which  are 
positioned  to  the  left  of  the  Apple  ///  keyboard.   Also  present  on  the  keyboard  are 
four  arrow  keys.   The  emulator  should  support  these  keys  either  directly  (i.e.,  the 
target  machine  has  similar  keys)  or  associate  other  keys  with  the  ///'s  special  keys 
(e.g.,  the  Macintosh  computer's  two  Option  keys  could  be  used  to  simulate  the  special 
Open  and  Closed  Apple  keys) .   The  emulator's  associated  keys  need  not  physically  be 
in  the  same  location  as  the  ///'s  special  keys  but  having  them  in  the  general  area 
will  be  beneficial. 

Note:   The  ///  Plus  keyboard  contains  an  extra  key.  Delete,  compared  to  the  /// 
keyboard . 

11.2  Low- level  access 

The  ///  emulator  should  handle  low-level  access  to  the  keyboard  memory-mapped  I/O 
locations  as  detailed  in  section  DEVICE  DRIVER  EMULATION. 

12  .  0         MONITOR  SUPPORT 

The  emulator  should  support  the  Apple's  built-in  ROM  Monitor.   Entry  to  the  Monitor 
should  be  similar  to  how  this  is  done  on  a  real  ///  (at  startup  if  Open  Apple  and 
Control  keys  are  pressed) .   The  code  in  the  ROM  which  tests  for  Monitor  entry  should 
work. 

13.0         APPLE  ]  [  EMULATION  DISK  SUPPORT 

It  would  be  nice  if  the  ///  emulator  supported  the  Apple  ] [  Emulation  Disk.   I'm  not 

sure  of  what  would  be  involved  here  but  suspect  that  if  the  ///'s  6502  CPU  and  the 

memory-mapped  I/O  locations  are  robustly  supported  that  the  ] [  emulation  should  work 
also  without  any  special  additional  ///  emulation  features. 

Special  consideration  may  need  to  be  given  to  Apple  ///  keyboard  keys  which  do  not 
exist  in  the  Apple  ]  [  world.   ]  [  emulation  details  can  be  found  in  the  Apple  /// 
Owner's  Guide  and  the  Apple  ///  Service  Reference  Manual. 

Note:  I  have  a  disassembled  listing  of  the  Apple  ] [  Emulation  Disk  ROM  source  listing 
which  could  prove  useful  in  this  area. 

Further  analysis  of  the  ]  [  emulation  disk's  boot  sequence  needs  to  be  done  since  I'm 
unknowledgable  about  this  area.   Also,  I've  heard  that  the  ] [  emulation  accesses  an 
I/O  location  which  disables  some  ///  features. 

14.0        WHAT  LANGUAGE  SHOULD  THE  ///  EMULATOR  BE  WRITTEN  IN? 

I  highly  recommend  that  the  ///  emulator  be  written  in  a  high  level  language  such  as 
Pascal  or  C.   This  should  make  the  emulator  more  compatible  with  different  target 
computers  and  make  development  and  maintenance  of  the  emulator  much  easier.   I 
recommend  avoiding  low- level  languages  such  as  assembly. 

15  .  0         WHAT  TARGET  MACHINES  SHOULD  BE  SUPPORTED? 

I  recommend  that  the  target  machine  {or  machines)  for  the  emulator  be  machines  that 
are  commonly  used  today  by  most  computer  users.   This  means  either  the  IBM  PC  or  the 
Apple  Macintosh  machine  family.   For  the  PC  world  I  recommend  the  ///  emulator  run 
under  Windows  95  and  Windows  NT.   For  the  Macintosh  world  I  recommend  the  emulator 
run  on  most  Macintosh  models  which  means  support  the  Macintosh  512  and  above.   Color 
display  should  also  be  supported  by  the  ///  emulator  (for  the  Macintosh  this  means 
use  Color  QuickDraw  if  the  machine  supports  CQD  and  if  CQD  is  not  supported  by  a 
Macintosh  model  use  the  Classic  B/W  QD  and  maybe  use  patterns  as  "colors"). 
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Any  of  these  machines  should  be  fast  enough  to  emulate  the  ///  and  most  likely  will 
be  too  fast  in  many  areas.   I  recommend  some  type  of  speed  control  be  built  into  the 
emulator  so  that  users  can  control  how  fast  the  emulator  works.   For  many  /// 
programs  (e.g.  AppleWriter  ///  and  VisiCalc  ///)  emulation  speed  will  be  immaterial 
since  these  programs  typically  wait  for  the  user  to  enter  data  and  then  do  their 
thing.   But  for  programs  such  as  games  the  user  will  want  to  control  the  emulator 
speed  otherwise  the  game's  actions  will  be  super  fast  and  unplayable. 

Some  people  say  that  the  older  machines  such  as  pre-68040  Macintoshs  will  be  too  slow 
for  a  reasonable  ///  emulator.   I  would  like  to  see  this  ///  emulator  run  on  a  Mac 
512  machine  an  onwards.   Running  on  a  Mac  128  machine  seems  a  problem  due  to  this 
machine's  small  memory  size  and  should  not  be  supported  (if  a  virtual  memory  scheme 
was  used  by  the  emulator  the  Mac  128  could  be  supported  but  I  think  having  this  extra 
level  of  support  in  the  emulator  would  not  be  worth  it) .   I  disagree  and  am  willing 
to  wager  a  small  sum  that  I'm  right. 

16.0         EMULATOR  DEBUGGING  FACILITIES 

The  emulator  should  support  a  comprehensive  built-in  debugger.   This  debugger's 
purpose  should  be  to  let  the  sophisticated  emulator  user  access  any  part  of  the 
emulator's  ///  address  space.   This  should  include  all  of  the  memory  that  is 
allocated  to  the  ///  as  its  memory.   This  memory  would  encompass  the  256K  (or  512K) 
of  ///  RAM,  the  ///  ROM  (4K) ,  the  character  set  RAM  (IK),  the  6502  registers,  and  the 
special  ///  registers  (e.g.  bank  register). 

This  debugger  will  prove  invaluable  in  diagnosing  emulator  bugs.   Not  only  will  the 
user  be  able  to  type  commands  for  the  debugger  but  the  emulator  will  be  able  to  send 
messages  to  the  debugger. 

Logging  of  all  debugger  sessions  should  be  stored  to  a  text  file  for  possible 
analysis.   This  text  file  would  be  created  when  the  emulator  starts.   The  log  file 
should  be  appended  to  by  the  emulator.   Only  the  user  can  delete  the  file. 

The  debugger  should  exist  as  a  separate  window  that  does  not  in  any  way  affect  the 
emulator's  main  window.   This  window  should  display  only  commands  that  the  user 
enters  or  replies  returned  by  the  debugger.   There  should  not  exist  a  separate  window 
area  showing  things  such  as  the  6502  registers  since  all  such  information  should 
appear  in  the  debugger  log  file.   The  window  should  support  at  least  80  columns  of 
text  and  24  rows. 

The  emulator  user  interface  should  be  based  on  a  simple  command  line  control  scheme. 
All  commands  and  command  outputs  should  be  text-based.   This  scheme  could  be  based  on 
the  ///'s  Monitor's  commands  or  on  a  little  more  readable  command  scheme  such  as  in 
Apple's  MacsBug  debugger.   There  should  be  full  on-line  help  that  discusses  the 
debugger  commands  in  general  and  each  command  should  also  have  on-line  help 
available.   The  debugger  should  show  at  the  beginning  of  each  line  a  prompt  character 
to  indicate  when  it  is  waiting  for  a  command.   I  recommend  the  prompt  be  the  ">" 
character.   The  debugger  should  also  show  a  cursor  which  I  recommend  to  be  a  black 
square . 

The  debugger  should  support  the  standard  debugging  commands  such  as 
displaying/setting  memory,  displaying/setting  registers,  and  disassembling  6502 
instructions.   This  disassembly  should  support  the  special  SOS  BRK  call  by  listing 
the  word  "BRK/SOS"  instead  of  just  "BRK"  and  following  this  with  the  SOS  command 
number/name  and  the  parameter  list  address: 

SOS   CO /CREATE   3  4  5A 

The  user  should  be  able  to  enable  or  disable  this  feature. 

Note:   It  may  be  good  to  also  support  the  Apple  ] [  ProDOS  command  calling  scheme  in 
case  this  emulator  ever  becomes  an  Apple  ] [  emulator. 

The  debugger  should  support  break  points,  single  stepping,  and  timing  buckets.   The 
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timing  buckets  would  be  used  in  conjunction  with  break  points  to  record  how  long  a 
sequence  of  6502  instructions  took  to  execute.   This  can  be  very  useful  in  locating 
emulator  bottlenecks.   The  debugger  supports  many  break  point  commands  since  I  have  a 
feeling  that  this  facility  will  be  very  powerful  and  useful  during  the  emulator's 
development . 

The  debugger  should  support  the  collection  of  statistics  about  the  emulator.   I 
recommend  tracking  how  many  times  specific  6502  opcodes  are  executed  (obviously,  the 
debugger  would  need  commands  to  display  and  clear  this  information)  ,   I  would  also 
track  memory  accesses  on  at  least  a  page  {256  bytes)  basis. 

The  debugger  should  be  accessible  at  any  time  that  the  emulator  is  running.   I 
recommend  some  type  of  key  press  combination  that  the  emulator  would  detect  and 
display  the  debugger  window.   Once  the  debugger  window  is  active  it  should  remain  on 
the  screen  until  the  user  closes  the  window. 

The  emulator  should  also  support  a  special  key  press  combination  at  emulator  startup 
time  that  activates  the  debugger  just  before  the  ///  ROM  is  run.   This  can  give  the 
emulator  developer  a  good  way  of  tracing  ROM  execution. 

The  emulator  should  activate  the  debugger  if  any  fatal  emulation  errors  are  detected 
and  the  debugger  should  show  a  message  detailing  the  reason  for  the  activation.  All 
of  these  errors  display  a  dump  of  the  6502  and  SOS  control  registers.  Reasons  for 
debugger  activation  from  the  emulator  are: 

1.  A  program  writes  to  write-protected  memory  (e.g.  SOS's  address  space) .   The 
displayed  message  is  "EMULATOR  EXCEPTION:   WRITING  TO  WRITE-PROTECTED  MEMORY". 

2.  A  program  executes  an  undefined  6502  instruction  (e.g.  6502  opcode  $02).   The 
displayed  message  is  "EMULATOR  EXCEPTION:   UNDEFINED  6502  OPCODE". 

When  the  debugger  is  initialized  (which  should  be  when  the  emulator  starts)  the 
debugger  should  check  if  a  text  file  named  "DDT. TXT"  exists.   If  so,  the  debugger 
should  read  each  line  from  this  file  and  execute  it.   Obviously,  this  file  should 
contain  debugger  instructions.   This  can  be  very  useful  for  setting  up  commonly  used 
break  points  which  if  you  use  many  would  be  tedious  to  type  everytirae  you  wanted  to 
use  the  emulator. 

A  memory  snapshot  facility  should  also  exist.   When  activated  by  a  debugger  command 
this  facility  would  write  to  the  host  computer's  disk  a  binary  file  containing  a  copy 
of  all  the  ///  memory  areas.   This  snapshot  should  also  be  readable  by  the  debugger 
so  that  the  user  could  restart  a  specific  emulation  session  from  the  snapshot. 

I  recommend  the  following  emulator  debugger  commands  which  are  based  on  the  /// 
Monitor  commands  so  that  these  debugger  commands  will  be  familiar  to  Monitor  users. 
These  commands  for  the  most  part  have  the  general  syntax  of  address -command.   See  ray 
docximent  "Inside  the  Apple  ///  Computer  ROM"  for  a  list  of  the  ///  Monitor  commands. 
For  information  about  the  Apple  ] [  Monitor  commands,  which  the  ///  Monitor  commands 
are  based  upon,  see  "Apple  ] [  Reference  Manual"  (Chapter  3:  The  System  Monitor,  dated 
1981) . 

Addresses  appearing  in  debugger  commands  may  be  prefaced  by  "N/"  where  N  is  a  bank 
number.   For  example,  to  reference  address  2000  of  bank  4  use  4/2000.   If  no  bank 
number  precedes  an  address  the  current  bank  is  used.  To  reference  a  ROM  address  use  a 
bank  "number"  of  "R",  for  example  "R/FOOO".  To  reference  a  character  set  address  use 
a  bank  "number"  of  "C",  for  example  "C/OOOO".   To  reference  the  SOS  system  bank  use 
"S",  e.g.  "S/1400".  \^^  ) 

Commands  should  be  case- insensitive  (none  of  the  UNIX  case- sensitivity  gobbly-gook) . 

Commands  that  display  more  than  a  screen  full  of  information  should  either 
automatically  pause  when  the  screen  is  full,  or  the  user  can  use  the  SPACE  key. 

Note:  Commands  using  ":"  may  also  use  ";"  which  is  easier  to  type  since  this 
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character  does  not  need  the  user  of  the  shift  key.   Same  for  "<"  and  "/"• 

Most  debugger  command  numeric  arguments  must  be  specified  in  hexadecimal.   The 
exception  is  the  X  command  which  supports  hexadecimal,  decimal,  and  binary. 

The  debugger  command  parser  should  be  very  liberal.   This  means  that  users  should  be 
able  to  include  extra  spaces  {or  no  spaces)  and  the  command  should  be  parsable.   For 
example,  if  a  command  needs  a  list  of  bytes  the  user  should  be  able  to  enter  any  of 
the  following:  "AABBCC",  "AA  BB  CC",  "   A  ABBC  C   "  and  the  debugger  will  see  these 
as  "AABBCC". 

The  debugger  should  also  support  a  command  macro  facility.   This  facility  allows  you 
to  define  a  macro  consisting  of  other  debugger  commands.   Typing  the  name  of  the 
macro  will  then  type  the  commands  as  if  you  entered  them  manually. 

/  HELP.lpr  ?)   6vu/  >lAa-c-^-- 

I        Display  debugger  on-line  help  for  all  commands.   Help  info  should  be  stored  in  an 
1    external  text  file  for  easier  modification.   I  recommend  that  this  section  of  this 
\,^document  be  the  help  file.  (^UV  ^A,^^ut^  ~  l^  P^^^  "^ 

f   Examplej^   HELP  .^^  i^U.oxJU\     ^(.'l  i^lf  ,\   /^  ^*'  C  ^w-<.  ^ 

W^q-fe^'.  '^-  cJJ^  'kHv^  \P^.'^.'^f..\.T.T.>^}-'  ^iiCi^cU  Si^rii^j^/ 

BYE  ^Kj^f    ^^    ^^    c^u-f  ^^  rfy\^C 

Return  to  the  emulator. 
Example :  BYE 

CARRIAGE  RETURN  keypress 
Repeat  last  command. 

Example:  If  the  last  command  was  HELP  and  you  press  the  CARRIAGE  RETURN  key  then  HELP 
will  be  displayed  and  executed  again. 

SPACE  keypress 

Pause  current  command's  output.   Press  again  to  continue. 

Example:  If  a  command  is  executing  and  you  press  the  SPACE  key  the  comand's  output 
will  be  paused,  pressing  SPACE  again  resumes  the  command's  output.   Pausing/Resuming 
are  done  on  an  output  line  basis  only. 


DELETE  keypress 

Stop  current  command ' s  output . 

Example:  If  a  command  is  executing  and  you  press  this  key  then  the  command  will  stop 
executing  and  you  will  be  returned  to  the  debugger's  prompt. 

RD  iUu   t^ \?^   eyl^* ^^' ^^ I 

l.Aj  Is     P  ^^l  ^ 

Display  6502    registers   and   ///   system  control   registers.  ?•   ^     -»     r  , 

Example:    RD  y  ^^^^  ^-^^^^^  J.wi'^'^^-^ 

A=04      X=01      Y=D8      P=30/00000011      S=F8      PC=034A    :    E=77 /OlllOlll      Z=1A      B=03       ^^     <      ■     ^  I   vW- 
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byte : SA 

Set  6502  A  register  to  byte 

Example:  45:SA  ~'    ' 

byte:SX 

Set  6502  X  register  to  byte 

Example:  7B:SX  -■ 

bytetSY 

Set  6502  Y  register  to  byte 

Example:  FF:SY        ■ 


byte:SP 

Set  6502  P  register  to  byte. 
Example:  56 :SP      ^ 

byte : SS 

Set  6502  S  register  to  byte. 
Example:  AA:SS     -—x,— ^ 

word: S PC 

Set  6502  PC  register  to  word. 
Example :  2000 : SPC    - — ^~^ 

byte:SE 

Set  ///  E  system  control  register  to  byte, 
Example :  34  :  SE     ■-''  ^ 

byte : SZ 

Set  ///  Z  system  control  register  to  byte 
Example :  19  :  SZ     ^^ 

byte : SB 

Set  ///  B  system  control  register  to  byte 
Example:  06: SB    ^ 
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addrl.addr2 

Dump  memory  data  to  screen  from  address  1  to  address  2  and  display  ASCII  character  at 
the  right  of  the  screen. 


Example  fassumes  current  bank  is  ba^  4):  300. 30F^^"^ C  ^  j  i  •-r--vr  ■,  ;  If^^^i    T  /^ 

0  I   2  -$  ■  -^   ""^^  Ch  f-^  ^-/^  1 

4/0300-  B900  080A  OAOA  9900   08C8  D0F4  A62B  A909  [F.  .d.uy%'^&90@.  .G] 

ZPAGE 

Dump  the  contents  of  the  current  interpreter's  Zero  Page  (256  bytes).   Also  supported 
are  commands  for  the  Stack  Page  and  the  Extend  Page: 

SPAGE    -    stack  page 
EPAGE     -    extend  page 

To  dtimp  the  pages  for  SOS  {and  drivers)  use  the  following  commands: 

SZPAGE    -    zero  page 
SSPAGE    -    stack  page 
SEPAGE    -    extend  page 

Example:   ZPAGE 

Zero  Page  (interpreter) 

1400-  0123456789ABCDEF  0123456789ABCDEF  0123456789ABCDEF  01234567 89ABCDEF 
1420-  0123456789ABCDEF  0123456789ABCDEF  0123456789ABCDEF  0123456789ABCDEF 

14E0-  0123456789ABCDEF  0123456789ABCDEF  0123456789ABCDEF  0123456789ABCDEF 

addr: bytes 

Store  starting  at  the  address  the  bytes. 

Example:  2000:AA  BB  CC  DD  EE  FF     --  -—^ 
2000:AABBCCDDEEFF  ,_ ' 

addr : ' text ' 

Store  text  starting  at  address  (high  bit  clear) . 

Example:  2000 : 'Hello  World'         -"  ~^  ^ 

2000: 'David' '  s  Dog'       --  (£his  stores')  David '  s  Dog 


addr: "text" 

Store  text  starting  at  address  (high  bit  set) . 

Example:  2000:  "Hello  Vforld"        _-  -  ^^ — v -, 

2000:"David's   Dog"  .-     tU.  /  J^-^  >y  >^v.^'j  p... 

:iooo-^_ ;^__\n>(i- _^"M'.  ; .:i }^u^. 'j^y. . 

addr3<addrl.addr2M 

Move  data   in  address   range   to  address   3. 
Example:    2000<3000.3100M  ,,-- ^ 
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addr3  <addr 1 . addr2V 

Verify  data  in  address  range  equals  data  starting  at  address  3. 

Example:  2000O000. 3100V     '  '  -—w-^ 

Displays  either  "OK"  if  the  verification  suceeds,  or  "MISMATCH"  if  the  verification 
fails. 

bytes<addrl . addr2S 

Search  memory  in  address  range  for  the  bytes. 

Example:  AA<3000.3100S         --  searches  for  byte  AA 

AABBCC<3000.3100S      --  searches  for  bytes  AA  BB  CC 

If  a  search  finds  a  match  then  the  starting  address  of  the  match  is  displayed, 
otherwise  "PATTERN  NOT  FOUND"  is  displayed.  ^    ^ 

•  text' <addrl .addr2S 

Search  memory  in  address  range  for  text  (high  bit  clear) . 

Example:  '  D' <3000.  3100S         -  -    ^[^ 
'David'<3000.3100S 

"text"<addrl.addr2S 

Search  memory  in  address  range  for  text  (high  bit  set) . 

Example:  "D"<3000 .3100S        ~"  '   ^ 
"David"<3000.3100S     ■^-    ^"^^ 

disk . block<addrl . addr2W 

Write  address  range  to  disk  #  disk  starting  at  disk  block.  If  disk  #  is  not  present 
then  uses  disk  .Dl.  Disk  should  equal  1,  2,  3,  or  4 .  The  address  range  always  ends 
on  a  block  boundary  no  matter  what  you  type. 

Example:  1 . 117<2000.21FFW   --  write  512  bytes  to  disk  1  block  $117 

Note:  Disk  ///  disks  contain  280  blocks  ($118)  sot  he  block  range  is  0-117 
(hexadecimal) . 

di  sk ,block<addrl . addr2R 

Read  from  disk  #  disk  starting  at  block  to  the  address  range.   If  disk  #  is  not 
present  then  uses  disk  .Dl.   See  the  W  command  for  more  info. 

Example:  1 . 117<2000 . 21FFR    '^  -  read  512  bytes  from  disk  1  block  $117 

disk.block-block:DISK 

Read  block  range  from  disk  #  disk  to  a  special  debugger  4K  buffer  which  is  not  used 
by  the  emulator.   If  the  typed  block  range  is  greater  than  4K  then  only  the  first  4K 
will  be  read.   You  can  then  examine  this  buffer's  contents  either  with  a  hex/ascii 
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K  /S^BB^ 


dump  or  with  a  disassembly  (command  L)  .   This  command  is  useful  when  you  want  to 
examine  a  disk's  contents.   For  disassembly  purposes,  you  can  specify  the  logical 
starting  address  for  the  buffer.   See  the  DISKBUFFER  command. 

To  disassemble  the  special  disk  buffer  (see  the  L  command)  use  bank  X  (stands  for 
"extra")  as  part  of  the  disassembly  address  parameter  (e.g.  "X/100") .   Same  for 
dumping  memory  or  whatever  commands  you  want  to  use  with  this  special  buffer. 


Example:  1.0-7 :DISK 


read  8  blocks  (0  to  7)  from  disk  1 


addr: DISKBUFFER 

Set  disk  buffer  starting  logical  address.   Default  address  is  2000.   See  the  DISK 
command .  ( 


Example:  AOOO :DISKBUFFER 


^cuj^  i\  OOOO-FFfh 


addrl.addr2L 

Disassemble  instructions  in  address  range.   If  only  addrl  appears  then  disassemble  20 
instructions.   Disassembly  includes  the  opcode  cycle  count. 


Example:  300L 


assumes  bank  4  is  current 


4/0300- 

A9  CI 

4/0302- 

20  ED  FD 

4/0305- 

18 

4/0306- 

69  OA 

4/0308- 

C9  DB 

4/030A- 

DO  F6 

4/030C- 

60 

T. 


U' 


(2) 

LDA 

#$C1 

(5) 

JSR 

$FDED 

(2) 

CLC 

(4) 

ADC 

#$01 

(3) 

CMP 

#$DB 

(3) 

BNE 

$0302 

(4) 

RTS 

12  3      4    5  6   (see  Note) 

Note:    Column  1  =  bank  register/address 
Column  2  =  memory  bytes 
Column  3  =  ASCII  for  the  memory  bytes 
Column  4  =  opcode  cycle  count 
Column  5  =  disassembled  instructions 
Column  6  =  remark  character  ";"  (optional,  see  DISASMREM) 

L  by  itself  disassembles  the  next  20  instructions. 

DISASMREM 

Display  ";"  after  each  disassembly  line  that  is  produced  by  the  L  command.  Default 
is  to  not  display  the  remark.  Useful  if  you  plan  to  add  comments  to  a  disassembly. 
See  also  DISASMREMOFF . 

Example:  DISASMREM 

DISASMREMOFF 

Turn  off  DISASMREM.   See  also  DISASMREM. 
Example:  DISASMREMOFF 


addrG 
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Call  subroutine  at  the  address. 
Example:  AOOOG     _^  


addrJ 

Jump  to  the  address 

Example:  AOOOJ 


wordX 

Convert  word  (or  up  to  4  hex  digits)  to  hexadecimal,  decimal,  and  binary  (X  stands 
for  "translate") .   Prefix  character  for  byte  determines  its  base:  ^no  prefix  =  hex,  . 
=  dec,  t  =  binary.  1  ^.  ^  ^-^  ^f  .i^e  /^ 


Example: 

AX 

-  > 

A{16) 

10(10) 

.lOX 

-  > 

A(16) 

10(10) 

tioio 

-  > 

A(16) 

10(10) 

FFFFX 

-  > 

FFFF(16) 

65535(10) 

0000  0000  0000  1010(2)    ec^M^y    \)^K^'iU 

0000  0000  0000  1010(2) 

0000  0000  0000  1010(2) 

1111  1111  1111  1111(2) 


? 


addrl.addr2:CS 

Calculate  and  display  a  checksum  for  address  range.   Checksum  is  a  4  byte  quantity 
which  is  calculated  the  same  as  the  disk  image  file  checksums. 

Example:  300.500:CS  "'  ^^--^ — _ 

CHECKSUM=AF8  9  7  CEE 

addrT 

Trace  instructions  starting  at  the  address.   Each  traced  instruction  displays 
register  contents.   Press  the  SPACE  to  pause  the  trace,  press  DELETE  to  stop  the 
trace.   The  displayed  registers  contain  values  _after_  the  previously  listed  command 
executes . 

Example:  AOOOT    --  assuming  bank  4  is  current 

4/AOOO-    A9  CI       'X.'     (2)  LDA  #$C1 

A=C1   X=01   Y=D8   P=30/00000011  S=F8   PC=A002  :  E=77 /OlllOlll   Z=1A   B=04 

4/AO02-    20  ED  FD    '...'   (5)  JSR  $FDED 

A=C1   X=01   Y=D8   P=30/00000011  S=F6   PC=FDED  :  E=77 /OlllOlll   Z=1A   B=04 

Note:  Press  the  DELETE  key  to  stop  the  trace,  SPACE  to  pause/resume. 

addrSS 

Single  step  trace  starting  at  the  address.   After  each  step  pause  and  wait  for  user 
to  press  SPACE  to  continue  or  DELETE  to  stop  the  single  step. 


•0 


^s 


Example:  AOOOp  J  --  assuming  bank  4  is  current 

4/AOOO-    A9  CI       'X.'     (2)   LDA  #$C1 

A=C1   X=01   Y=D8   P=30/00000011   S=F8   PC=A002  :  E=77/01110111   Z=1A   B=04 

Note:  Press  SS  by  itself  to  single  step  the  next  instruction,  or  press  CARRIAGE 
RETURN  to  repeat  the  SS . 
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- 

8     /SfefflBHV 

addr:BP 

Set  a  break 
displays    the 

point   at  address.      When  address   is   accessed  the  debugger 
registers.      Up   to   100  break  points   should  be   supported. 

is   entered  and 

Example:    AOOO:BP 

addr:BPC 

Clear  break 

point 

at  address. 

Example:    AOOO:BPC 

SOS:BP 

Set  a  break  point 
executed.      Same  as 

when 
3  MOO: 

a  SOS   call   is  made.      This  means  when   the  BRK 
BP. 

opcode  is 

Example :    SOS 

:BP 

Mopcode:BP 

Set  a  break 

point 

when 

opcode  is  executed. 

Example:    M60 

:BP 

-    set 

,  break  point  when  the  RTS   instruction    (60)    is 

executed. 

ROM:BP 

Set  a  break 

point 

when 

a  call   is  made   to   the  ROM. 

Example:    R0^ 

I:BP 

addrl.addr2 

:BPW 

Set  a  break 
Point  Write. 

point 

when 

any  address  within  address   range   is  written  to.    BPW  =  Break 

Example:    3 DC 

.123AR:BPW 

addrl . addr2 

:BPR 

Set  a  break 
Point  Read. 

Example:    30C 

point 
).123A 

when 
:BPR 

any  address  within  address   range   is   read  fron 

1.    BPR  =  Break 

addr.byte:BPE 

(^i<m\ '  adr  ^  M^^  ^iZ-.'    '^  l^/^C' 

Set  a  break 
Equals. 

Example:    30C 

point  when 
).AA:BPE 

the  address   contents   equal   the  byte  value.    BI 

=E  =  Break  Point 

addr.bytel- 

byte2 

BPE 

Set  a  break 

point 

when 

the  address   contents   equal   a  byte  value   in   the  byte  range.    BPE 
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=  Break  Point  Equals. 
Example:  300 .AA-BB:BPE 


jbfKJt'  ^/^H^-^  ^^"^k 


addr.bytel  byte2  ...  :BPEA  -JL-^ 

Set  a  break  point  when  the  address  contents  equal  byte  1  value,  or  equals  byte  2 
value,  etc.   Supports  up  to  16  byte  values.   BPEA  =  Break  Point  Equals  Any. 


Example :  300. AABBCCDD : BPEA 

300. AA  BE  CC  DD:BPEA 


addrl.addr2.bytel  byte2  ...  :BPEA  — C--- 

Set  a  break  point  when  the  address  range  contains  any  bytes  equalling  the  byte 
values.   BPEA  =  Break  Point  Equals  Any. 


Example:  300 .400 .AABBCCDD: BPEA 


addrl.addr2.bytel-byte2:BPEA  -<~^^ 

Set  a  break  point  when  the  address  range  contents  equal  the  byte  range.   BPEA  =  Break 
Point  Equals  Any. 


Example:  300.400 .AA-BB : BPEA 


BFD 

Display  break  point  table. 

Example:  BPD 

#  Address  Range  BP    Setting 
1   4/2000-4/21FF   BPEA   AA-BB 


BPC 

Clear  break  point  table. 
Example:  BPC 


addrl . addr2 : TB 

Set  timing  bucket  for  address  range.   When  address  1  is  accessed  timing  starts.   When 
address  2  is  accessed  timing  stops.   Up  to  100  timing  buckets  should  be  supported. 

Example:  A000.A1FF:TB 

TBD 

Display  timing  bucket  table.   Shows  all  set  timing  buckets  and  the  time  in  l/60th  of 
a  second  and  in  seconds  spent  in  each  bucket. 

Example:  TBD 

#  Address   Range     Time    (l/60s)      Time    (sees) 
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1  4/A0O0-4/A1FF  34         0.567 

2  4/A300-4/A310  5         0.083 


39         0.650 


addr:TBC 

Clear  timing  bucket  starting  at  address 
Example:  AOOO:TBC 


TBC 

Clear   timing  bucket   table 
Example:    TBC 


error :SOSE 

List  SOS  general  error  message  for  the  error  number.  If  no  error  number  is  present 
then  list  all  general  errors.  Error  info  should  be  stored  in  an  external  text  file 
for  easier  modification.   See  the  SOS  Reference  Manual  for  a  list  of  these  errors. 

Example:  01:SOSE 

BADSCNUM  -  Invalid  SOS  call  number 

error :SOSFE 

Display  SOS  fatal  error  message  for  the  error  number.   If  no  error  number  is  present 
then  list  all  fatal  errors.   See  the  SOS  Reference  Manual  for  a  list  of  these  errors. 

Example :  01 : SOSFE 

BADBRK  -  Invalid  BRK 

command: SOS 

Display  SOS  command  name  and  SOS  command  area  (e.g.  file  system)  for  the  command 
n\imber.   If  no  command  number  present  then  list  all  SOS  command  numbers  and  their 
names.   Command  info  should  be  stored  in  an  external  text  file  for  easier 
modification.   See  the  SOS  Reference  Manual  for  a  list  of  these  commands. 

Example:  CO: SOS 

CREATE    (File   System) 

SOSON 

Turn  on  disassembly  of  SOS  calls  which  displays  SOS  followed  by  the  command  number 
and  parameter  address-   The  emulator  defaults  to  this. 

Example:  SOSON 
SOSOFF 
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Turns  off  SOSON. 
Example :  SOSOFF 


disk: CAT 

Display  catalog  of  SOS  disk  stored  in  disk  #  disk.   Includes  recursive  list  of  all 
subdirectories.   Should  show  same  file  info  as  Apple's  System  Utilities  program. 

Note:  Other  commands  that  may  be  supported  include  CATPASCAL  for  Apple  ]  [  Pascal 
disks  and  CATDOS  for  Apple  ]  [  DOS  disks.   This  may  come  in  handy  if  you  want  to  see 
what  these  disks  contain  if  you  have  them  as  disk  image  files. 

Example:  1:CAT 

disk. f ile_name : INFO 

Displays  information  about  the  specified  file  in  the  disk.   Information  includes 
standard  SOS  file  information  but  also  block  list  of  all  index  blocks  (if  any) 
associated  with  the  file  and  block  list  of  all  data  blocks  for  the  file. 

Example :  1 . APPLE3 . TEXT : INFO 

disk.blockrDUMP 

Display  contents  of  specified  disk  block  in  the  standard  hex/ascii  dump  format. 

Example:  1.0: DUMP 

disk: DRIVERS 

Display  list  of  contents  of  the  SOS. DRIVER  file  stored  on  the  disk.   List  includes 
driver  names,  driver  information,  and  other  items  that  are  in  the  driver  file  (e.g. 
character  sets) . 

Example:  1: DRIVERS 

disklCHECKIMAGE 

Check  validity  of  disk  image  in  disk  #  disk.   Computes  header  and  data  part  checksums 
and  compares  against  the  image  file's  listed  checksums. 

Example :  1 : CHECKIMAGE 

DIT 

Display  Driver  Information  Table  (DIT) ,  a  data  structure  maintained  by  this  debugger. 
Contains  list  of  all  loaded  drivers,  their  names,  sizes,  and  entry  point  addresses. 

Example:  DIT 

MIT 

Display  Memory  Information  Table  (MIT) ,  a  data  structure  maintained  by  this  debugger. 
See  section  EMULATOR  MEMORY  STRUCTURE  for  what  this  structure  contains . 


Example:  MIT 
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OPCODES 

Display  a  histogram  of  opcode  execution  counts.   Includes  the  actual  number  of  the 
counts.   Sorted  by  frequency.   Opcodes  not  executed  are  listed  below  the  histogram. 

Example:  OPCODES 

LDA    2  188  973   *********************************************** 
STA       12  123   ****************************** 
Qjijp  467   ************** 


2,201,563 
Unexecuted  opcodes :  TXS  NOP 


OPCODESCLR 

Reset  opcode  histogram  table. 
Example :  OPCODESCLR 


pagel . page2 : MEMORYR 

Display  memory  write  access  table.   This  table  lists  on  a  256  byte  page  basis  counts 
for  each  time  the  page  was  read.   If  pagel. page2  specified  then  lists  only  those 
pages.   If  a  single  page  is  specified  then  display  only  that  page's  access  count. 

Example :  0.5 : MEMORYR 

pagel .page2 :MEMORYW 

Display  memory  read  access  table.   This  table  lists  on  a  256  byte  page  basis  counts 
for  each  time  the  page  was  written.   See  MEMORYW  for  page  options. 

Examp 1 e :  0.5: MEMORYW 

MEMORYCLR 

Reset  both  memory  access  tables. 
Example:  MEMORYCLR 

value: SCROLL  )X    H^^oLC- '^  O    i-U-  cv-J^  ^l^yf^^^   ^^^^^  ^ '^ ^  / ^^^^'^'^ /  "!_  r/y .^.^ 

Set  debugger  display  scrolling  rate  interline  delay.   Value  is  in  1/lOth  of  a  second.  ^  ^ 
Default  is  no  delay  (value  =  0) -   Useful  if  you  want  to  for  example  dump  lots  of 
memory  and  don't  want  to  mess  with  the  SPACE  key  to  read  what  is  displayed.   Set  the 
scrolling  delay  to  a  comfortable  value,  sit  back,  and  enjoy  the  show. 

Example:  10:SCROLL    --  sets  scrolling  delay  to  1  second 


filename: LOG 

Close  log  file,  create  a  new  one  with  filename,  and  output  all  debugger  displays  to 
this  new  file.   Useful  if  you're  running  the  emulator  from  a  write -protected  disk  and 
you  want  to  re-direct  the  output  to  a  writable  disk  file. 
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Example:    MyDiary:LOG 


SNAPSHOTW 

Write  the  contents  of  all  of  the  emulator's  memory  to  binary  file  on  the  host 
computer's  hard  disk.   This  snapshot  could  prove  useful  in  diagnosing  an  emulator 
problem.   The  binary  file  should  be  named  "Snapshot_YYYYMMDD_HHMMSS.BIN". 


Example:  SNAPSHOTW 


SNAPSHOTRfile-narae 

Read  a  snapshot  file  into  the  emulator's  memory. 

Example:  SNAPSHOTR  Snapshot_19971225_123456.BIN 

MACRO  name  commands 

Define  a  macro  name  and  commands  for  this  macro.   You  can  use  any  name  containing 
alphnumeric  characters  or  periods  with  a  maximum  length  of  31  characters.   Up  to  25 
macros  may  be  defined.   All  commands  are  verified  and  if  any  syntax  errors  occur  you 
will  be  told  and  the  macro  will  not  be  defined.   Macro  commands  cannot  include  other 
macro  commands . 


Example:  MACRO  my. dump  300.400  AOOO.AIFF  AOOOL 

MACROL 

List  all  defined  macros. 
Example:  MACROL 
#  Name  /  Contents 


1  my . dump 

300.400  AOOO.AIFF  AOOOL 


I macro - name 

Execute   a  macro  with  the  name    "macro-name".      Each  command  within  the  macro   is 
displayed   followed  by  the   commands'    display. 

Examp 1 e :     ! my . dump 

300.400 

AOOO.AIFF 

AOOOL  ck^i^  r     i  ]  J 

f&VT      lofi^^    GviTy^^  ^^4  lA^-^f         f6^JlP^^     ^0^  -joyd '^n^f 

VERSION 

Display  debugger  version   information.      Includes  version  number  and  creation 
date/ time. 
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17  .  0         EMULATOR  MEMORY  STRUCTURE 

I  recommend  that  the  emulator's  internal  memory  structure  for  the  Apple  ///  memory 
resources  be  structured  as  follows: 

o  Memory  block  containing  the  size  of  memory  and  references  to  each  ///  memory  bank 
{the  references  can  be  whatever  is  appropriate  --  on  the  Mac  these  could  be  Mac 
memory  pointers  or  handles) : 

-  number  of  switchable  banks  (1..15) 

-  reference  to  bank   S  (32K:  0000-lFFF,  AOOO-FFFF)  * 

-  reference  to  bank   0/$0  -  switchable      (32k;  2000-9FFF) 

-  reference  to  bank   1/Sl  ■  switchable      (32k:  2000-9FFF) 

-  reference  to  bank  14/SE  -  switchable      (32k:  2000-9FFF) 

-  reference  to  Boot  ROM  ROM  address  space    (4k:  FOOO-FFFF) 

-  reference  to  Boot  ROM  RAM  address  space    (4k:  FOOO-FFFF) 

-  reference  to  I/O  RAM  address  space        (4k:  COOO-CFFF) 

*  The  system  (S)  bank  is  always  on-line  and  is  never  bank  switched.  SOS  and  part  of 
the  interpreter  reside  here. 

o  Memory  block  containing  the  6502  registers: 

-  Accumulator  (A)  8  bits 

-  X  index  (X)  8  bits 

-  Y  index  (Y)  8  bits 

-  Status  Register  (P)  8  bits 

-  Stack  Pointer  (S)  8  bits 

-  Program  Counter  (PC)  16  bits 

o  Memory  block  containing  the  special  ///  System  Control  Registers: 

-  E:  Environment  Register  (FFDF)       8  bits 

-  Z:  Zero  Page  Register    (FFDO)        8  bits 

-  B:  Bank  Register         (FFEF)        8  bits 

18.0         WHAT'S  NEXT? 

Persons  seriously  interested  in  creating  an  Apple  ///  emulator  program  should  try  to 
obtain  as  much  ///  technical  information  as  possible.   The  author  has  lots  of  info 
which  he  can  copy  at  minimal  charge  (10  cents  per  page  plus  postage) .   These  persons 
should  also  have  access  to  a  working  Apple  ///  computer  with  a  fair  number  of  /// 
programs . 

Other  areas  of  compatibility  should  also  be  investigated  that  this  document  does  not 
address.  This  includes  support  for  other  input  devices  such  as  the  mouse  which  does 
have  a  3rd  party  driver  available. 

19  . 0         REFERENCES 
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///       /i^^      ig\ 

Apple  /// 
Apple  ///+ 


Apple  ///  SOS  Technical  Information 


SOS  1.3 

Floppy  Bootstrap  Loader 
Source  Code  Listing 


This  listing  shows  the  code  which  is  found  at  the  beginning  of 

a  SOS  boot  disk.  When  the  Apple  ///  computer  starts  the 

computer's  ROM  loads  this  ccKle  from  the  floppy  disk 

and  executes  the  code.  This  code  loads  the  Apple  ///'s 

operating  system,  SOS. 
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10/31/89  9:45 

HDiApple  ///:SOS  Floppy  Bootstrap  Loader                Page  1 

0000 

0000 

;4   APPLE  ///  BOOTSTRAP  LOADER  FOR  FLOPPY  DISK 

0000 

0000 
0000 

;#  -  Disassembled  10-March-1988  by  Scott  Stlnson 

0000 

<5^ 

.  ABSOLUTE                         \V 

0000 

.PROC    BOOTSTRAPLOADER           "X 

0000 

A000 
A000 
A000 
A000 
A0i30 

. ORG     0A000                        ^ 

;  EQUATES 

' 

A000 
A000 

_  _ 

';    ZERO  PAGE  LOCATIONS 

A  000 
A000 

_ 

' 

A000 

0082 

IBDRVN      .EQU     82 

DRIVE  NUMBER 

A000 

0083 

IBTRK       .EQU     83 

TRACK  NUMBER 

A000 

0084 

IBSECT      .EQU     84 

SECTOR  NUMBER 

A000 

0085 

IBBUFP      .EQU     85 

BUFFER  POINTER 

A000 

0087 

IBCHD       .EQU     87 

COMMAND  NUMBER 

A000 

00E3 

IBBUFPTMP   .EQU     0E3 

BUFFER  POINTER  TEMPORARY 

A000 

00E5 

FILECNT     .EQU     0E5 

FILE  COUNT 

A000 

00E7 

INDXBLKCNT  .EQU     0E7 

INDEX  BLOCK  COUNT 

A000 

00E8 

SOSJMPADR   .EQU     0E8 

SOS  JUMP  ADDRESS 

A000 

A000 
A000 

';    HARDWARE  I/O  ADDRESSES 

A000 
A000 

A  000 

0628 

SCREENLOC   .EQU     0628          ;  SCREEN  LOCATION 

A  000 

C010 

KBDSTROBE   .EQU     0C010         ;  KEYBOARD  STROBE 

A000 

C040 

lOBEEP      .EQU     0C040         ;  I/O  BEEP 

A000 

A000 
A000 

;  GENERAL  EQUATES 

A000 
A000 

A000 

0040 

RETINT      .EQU     40 

RETURN  FROM  INTERRUPT 

A000 

0C00 

IDXBLKl     .EQU     0C00 

INDEX  BLOCK  1 

A000 

0D00 

IDXBLK2     .EQU     0D00 

INDEX  BLOCK  2 

A000 

1E00 

LOADADR     .EQU     1E00 

LOADING  ADDRESS 

A000 

1E08 

OFFSET      .EQU     1E08 

OFFSET 

A  000 

2000 

FIRSTPAGE   ,EQO     2000 

FIRST  PAGE 

A000 

A200 

MAINBUFF    .EQU     0A200 

MAIN  BUFFER 

A000 

F000         r 

■"REGRWTS     .EQU     0F000 

READ/WRITE  SECTOR  ROUTINE 

A000 

F4A0      -^-  1* 

SECTABL     .EQU     0F4A0 

SECTOR  TABLE 

A000 

FFCA    Kn/vv 

NMIVECTOR   .EQU     0FFCA 

NON-MASKABLE  INTERRUPT  VECTOR 

A000 

FFDF       I  W(  \ 

EREG        .EQU     0FFDF 

ENVIRONMENT  REGISTER 

A  000 

FFEF 

.  BREG        .EQU     0FFEF 

BANK  REGISTER 

A  000 

A  000 
A000 

]    ENTRY  POINT 

A000 
A000 

A000 

78 

ENTRY       SEI 

SET  INTERRUPT  DISABLE 

A001 

D8 

OLD 

CLEAR  DECIMAL  FLAG 

A002 

A9  77 

LDA      #7  7 

LOAD  ACCUMULATOR  WITH  $77 

A004 

8D  DFFF 

STA      EREG 

STORE  IN  ENVIRONMENT  REGISTER 

A007 

SET  2  MHZ,  I/O  SPACE  ENABLED,  SCREEN  ENABLED, 

A007 

RESET  ENABLED,  WRITE  PROTECT  NOT  ENABLED, 

A007 

PRIMARY  STACK,  AND  ROM  SELECTED 

A007 

A2  FF 

LDX      #0FF 

LOAD  ACCUMULATOR  WITH  $FF 

A009 

9A 

TXS 

TRANSFER  X-REGISTER  TO  STACK  POINTER 

A00A 

2C  10C0 

BIT      KBDSTROBE 

CLEAR  KEYBOARD 

A00D 

A9  40 

LDA      #RETINT 

LOAD  ACCUMULATOR  WITH  RETURN  FROM  INTERRUPT 

A00F 

8D  CAFF 

STA      NMIVECTOR 

STORE  IN  NON-MASKABLE  INTERRUPT  VECTOR 

A012 

A9  07 

LDA      K07 

LOAD  ACCUMULATOR  WITH  $07 

A014 

8D  EFFF 

STA      BREG 

STORE  IN  BANK  REGISTER 

A017 

A9  00 

LDA      |f00 

LOAD  ACCUMULATOR  WITH  $00 

A019 

CE  EFFF 

$010        DEC      BREG 

DECREMENT  BANK  REGISTER 

A01C 

8D  0020 

STA      FIRSTPAGE 

STORE  IN  FIRST  PAGE  OF  BANK 

A01F 

AE  0020 

LDX      FIRSTPAGE 

LOAD  X-REGISTER  WITH  FIRST  PAGE  BYTE 

A022 

D0F5 

BNE      S010 

BRANCH  IF  BYTE  IS  NOT  EQUAL  TO  $00 

A024 

A024 
A024 

;  This  section  reads  in  the  SOS  directory. 

A024 
A024 

_ 

A024 

A9  00 

READSOSDIR  LDA      #00 

LOAD  ACCUMULATOR  WITH  $00-BLOCK  HIGH  BYTE 

A02  6 

85  85 

STA      IBBUFP 

STORE  IN  BUFFER  POINTER  LOW  BYTE 

A02  8 

A2  A2 

LDX      #0A2 

LOAD  X-REGISTER  WITH  $A2 

A02A 

86  86 

STX      IBBUFP+1 

STORE  IN  BUFFER  POINTER  HIGH  BYTE 

A02C 

A2  02 

LDX      #02 

LOAD  X-REGISTER  WITH  $02-BLOCK  LOW  BYTE 

A02E 

A4  85 

RDSOSDIRLP  LDY      IBBUFP 

LOAD  Y-REGISTER  WITH  BUFFER  POINTER  LOW  BYTE 

A030 

84  E3 

STY      IBBUFPTMP 

STORE  IN  BUFFER  POINTER  TEMPORARY  LOW  BYTE 

A032 

A4  86 

LDY      IBBUFP+1 

■  LOAD  Y-REGISTER  WITH  BUFFER  POINTER  HIGH  BYTE 

A034 

84  E4 

STY      IBBUFPTMP+1 

STORE  IN  BUFFER  POINTER  TEMPORARY  HIGH  BYTE 

A03  6 

20  IDAl 

JSR      READBLK 

•  JUMP  TO  READ  A  BLOCK  FROM  FLOPPY  DISK  DRIVE 

< 3088V 
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A03  9 

A0  02 

A03B 

Bl  E3 

A03D 

A03D 

AA 

A03E 

C8 

A03F 

Bl  E3 

A041 

A041 

D0EB 

A04  3 

A04  3 

E0  00 

A04  5 

A04  5 

D0E7 

A04  7 

A04  7 

A04  7 

A04  7 

A04  7 

A04  7 

A04  7 

AD  25A2 

A04A 

85  E5 

A04C 

AD  2  6A2 

A04F 

85  E6 

A051 

05  E5 

A053 

D003 

A055 

4C  56A1 

A058 

A058 

A5  E5 

A05A 

D002 

A05C 

C6  E6 

A05E 

C6  E5 

A060 

A9  2B 

A062 

85  85 

A064 

A9  A2 

A06  6 

85  86 

A068 

AE  24A2 

A06B 

CA 

A06C 

A0  00 

A06E 

Bl  85 

A070 

A070 

F01A 

A072 

2  9  0F 

A074 

CD  92A1 

A07  7 

D013 

A07  9 

A8 

A07A 

Bl  85 

A07C 

D9  92A1 

A07F 

D00B 

A081 

88 

A082 

D0F6 

A084 

Bl  85 

A08  6 

A08  6 

2  9  F0 

A088 

C9  20 

A08A 

F032 

A08C 

08 

A08D 

CA 

A08E 

F010 

A090 

18 

A091 

A5  8S 

A093 

60  23A2 

A09  6 

85  85 

A098 

A5  86 

A09A 

69  00 

A09C 

85  86 

A09E 

D009 

A0A0 

A9  04 

A0A2 

85  85 

A0A4 

E6  86 

A0A6 

AE  24A2 

A0A9 

28 

A0AA 

F0C0 

A0AC 

38 

A0AD 

A5  E5 

A0AF 

E9  01 

A0B1 

85  E6 

A0B3 

A5  E6 

A0B5 

E9  00 

A0B7 

85  E6 

A0B9 

B0B1 

A0BB 

4C  56A1 

A0BE 

A0BE 

A0BE 

A0BE 

A0BE 

A0BE 

A0BE 

A0  11 

A0C0 

Bl  85 

A0C2 

AA 

A0C3 

LDY 

#02 

LDA 

eiBBUFPTMP 

Y 

TAX 

INY 

LDA 

eiBBUFPTMP 

Y 

BNE 

RDSOSDIRLP 

CPX 

#00 

BNE 

RDSOSDIRLP 

LOAD  Y-REGISTER  WITH  $02 

LOAD  ACCUMULATOR  WITH  NEXT  BLOCK  TO  READ  LOW 

BYTE 

TRANSFER  ACCUMULATOR  TO  X-REGISTER 

INCREMENT  Y-REGISTER 

LOAD  ACCUMULATOR  WITH  NEXT  BLOCK  TO  READ  HIGH 

BYTE 

BRANCH  IF  NEXT  BLOCK  TO  READ  HIGH  BYTE  IS  NOT 

EQUAL  TO  ZERO 

CHECK  TO  SEE  IF  NEXT  BLOCK  TO  READ  LOW  BYTE  IS 

ZERO 

BRANCH  IF  NEXT  BLOCK  TO  READ  LOW  BYTE  IS  NOT 

EQUAL  TO  ZERO 


This  section  searches  the  SOS  directory  for  the  SOS. KERNEL  file. 


SRCHSOSKER 

LDA 

MAINBUFF+25 

STA 

FILECNT 

LDA 

MAINBUFF+26 

STA 

FILECNT+1 

ORA 

FILECNT 

BNE 

$010 

JMP 

WRNTFNDERR 

$010 

LDA 

FILECNT 

BNE 

$020 

DEC 

FILECNT+1 

$020 

DEC 

FILECNT 

LDA 

#2B 

STA 

IBBUFP 

LDA 

#0A2 

STA 

IBBUFP +1 

LDX 

MAINBUFF+24 

DEX 

SRCHLP 

LDY 

#00 

LDA 

@ IBBUFP, Y 

BEQ 

$020 

AND 

#0F 

CMP 

FLNMELEN 

BNE 

$020 

TAY 

$010 

LDA 

@IBBUFP,Y 

CMP 

FLNME- 1 , Y 

BNE 

$020 

DEY 

BNE 

$010 

LDA 

eiBBUFP,Y 

AND 

#0F0 

CMP 

#20 

BEQ 

READIDXBLK 

$020 

PHP 
DEX 

BEQ 

$030 

CLC 

LDA 

IBBUFP 

ADC 

MAINBUFF+23 

STA 

IBBUFP 

LDA 

IBBUFP+1 

ADC 

#00 

STA 

IBBUFP+1 

BNE 

$040 

$030 

LDA 

#04 

STA 

IBBUFP 

INC 

IBBUFP+1 

LDX 

MAINBUFF+24 

$040 

PLP 

BEQ 

SRCHLP 

SEC 

LDA 

FILECNT 

SBC 

#01 

STA 

FILECNT 

LDA 

FILECNT+1 

SBC 

#00 

STA 

FILECNT+1 

BCS 

SRCHLP 

JMP 

WRNTFNDERR 

LOAD  ACCUMULATOR  WITH  FILE  COUNT  LOW  BYTE 

STORE  IN  FILE  COUNT  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  FILE  COUNT  HIGH  BYTE 

STORE  IN  FILE  COUNT  HIGH  BYTE 

OR  ACCUMULATOR  WITH  FILE  COUNT  LOW  BYTE 

BRANCH  IP  FILE  COUNT  IS  NOT  EQUAL  TO  ZERO 

JUMP  TO  WRITE  NOT  FOUND  ERROR  MESSAGE  TO 

SCREEN 

LOAD  ACCUMULATOR  WITH  FILE  COUNT  LOW  BYTE 

BRANCH  IF  NOT  EQUAL  TO  $00 

DECREMENT  FILE  COUNT  HIGH  BYTE 

DECREMENT  FILE  COUNT  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  $28 

STORE  IN  BUFFER  POINTER  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  $A2 

STORE  IN  BUFFER  POINTER  HIGH  BYTE 

LOAD  X-REGISTER  WITH  ENTRIES  PER  BLOCK 

DECREMENT  X-REGISTER 

LOAD  Y-REGISTER  WITH  $00 

LOAD  ACCUMULATOR  WITH  STORAGE  TYPE  AND  NAME 

LENGTH  BYTE 

BRANCH  IF  EQUAL  TO  ZERO 

MASK  OFF  BITS  4,5,6,7 

COMPARE  WITH  FILE  NAME  LENGTH 

BRANCH  IF  NOT  EQUAL  TO  ZERO 

TRANSFER  NAME  LENGTH  TO  Y-REGISTER 

LOAD  ACCUMULATOR  WITH  FILE  NAME  BYTE 

COMPARE  WITH  FILE  NAME  BYTE 

BRANCH  IF  NOT  EQUAL 

DECREMENT  NAME  LENGTH 

BRANCH  IF  NAME  LENGTH  NOT  EQUAL  TO  ZERO 

LOAD  ACCUMULATOR  WITH  STORAGE  TYPE  AND  NAME 

LENGTH  BYTE 

MASK  OFF  BITS  0,1,2,3 

COMPARE  WITH  $20  FOR  SAPLING  FILE 

BRANCH  IF  EQUAL  TO  READ  INDEX  BLOCK 

PUSH  PROCESSOR  STATUS  ON  STACK 

DECREMENT  ENTRIES  PER  BLOCK 

BRANCH  IF  ENTRIES  PER  BLOCK  IS  EQUAL  TO  ZERO 

CLEAR  CARRY 

LOAD  ACCUMULATOR  WITH  BUFFER  POINTER  LOW  BYTE 

ADD  ENTRY  LENGTH  LOW  BYTE 

STORE  IN  BUFFER  POINTER  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  BUFFER  POINTER  HIGH  BYTE 

ADD  $00 

STORE  IN  BUFFER  POINTER  HIGH  BYTE 

BRANCH  ALWAYS 

LOAD  ACCUMULATOR  WITH  $04 

STORE  IN  BUFFER  POINTER  LOW  BYTE 

INCREMENT  BUFFER  POINTER  HIGH  BYTE 

LOAD  X-REGISTER  WITH  ENTRIES  PER  BLOCK 

PULL  PROCESSOR  STATUS  FROM  STACK 

BRANCH  IF  NOT  EQUAL  TO  ZERO 

SET  CARRY 

LOAD  ACCUMULATOR  WITH  FILE  COUNT  LOW  BYTE 

SUBTRACT  $01 

STORE  IN  FILE  COUNT  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  FILE  COUNT  HIGH  BYTE 

SUBTRACT  $00 

STORE  IN  FILE  COUNT  HIGH  BYTE 

BRANCH  IF  MORE  FILE  ENTRIES 

JUMP  TO  WRITE  NOT  FOUND  ERROR  MESSAGE  TO 

SCREEN 


This  section  reads  in  the  index  block  of  the  SOS. KERNEL  file, 


READIDXBLK  LDY 
LDA 
TAX 


#11 
@IBBUFP,V 


LOAD  Y-REGISTER  WITH  $11 
LOAD  KEY  POINTER  LOW  BYTE 
TRANSFER  ACCUMULATOR  TO  X- 

BYTE 


■REGISTER-BLOCK  LOW 
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A0C3 

C8 

A0C4 

81 

85 

A0C6 

A0 

00 

A0C8 

84 

85 

A0CA 

A0 

0C 

A0CC 

84 

86 

A0CE 

20 

IDAl 

A0D1 

A0D1 

A0D1 

A0D1 

A0D1 

A0D1 

AE 

000C 

A0D4 

AD 

000D 

A0D7 

A0 

00 

A0D9 

84 

85 

A0DB 

A0 

IE 

A0DD 

84 

86 

A0DF 

20 

IDAl 

A0E2 

A0E2 

A0E2 

A0E2 

A0E2 

A0E2 

A0E2 

A0E2 

A0 

08 

A0E4 

B9 

FFID 

A0E7 

D9 

9CA1 

A0EA 

F003 

A0EC 

4C 

6AA1 

A0EF 

A0EF 

88 

A0F0 

D0F2 

A0F2 

A0F2 

A0F2 

A0F2 

A0F2 

A0F2 

A0F2 

A9 

01 

A0F4 

85 

E7 

A0F6 

A4 

E7 

A0F8 

BE 

00  0C 

A0FB 

B9 

000D 

A0FE 

D004 

A100 

E0 

00 

A102 

A102 

F007 

A104 

20 

IDAl 

A107 

E6 

E7 

A109 

D0EB 

A10B 

A10B 

A10B 

A10B 

A10B 

A10B 

A10B 

18 

A10C 

A9 

0E 

A10E 

6D 

081E 

All! 

85 

E8 

A113 

A9 

IE 

A115 

6D 

091E 

A118 

85 

E9 

AHA 

6C 

E800 

AllD 

AllD 

AllD 

AllD 

AllD 

AllD 

AllD 

AllD 

86 

83 

AllF 

4A 

A120 

66 

83 

A122 

4A 

A123 

66 

83 

A125 

4A 

A126 

66 

83 

A128 

8A 

A129 

A129 

29 

07 

Ai2a 

AA 

A12C 

BD 

A0F4 

A12F 

65 

84 

A131 

A9 

01 

A133 

85 

87 

A135 

A9 

00 

A137 

85 

82 

INY 

LDA 

@IBBUFP,Y 

LDY 

#00 

STY 

IBBUFP 

LDY 

#0C 

STY 

IBBUFP +1 

JSR 

READBLK 

INCREMENT  Y-REGISTER 

LOAD  KEY  POINTER  HIGH  BYTE 

LOAD  Y-REGISTER  WITH  $00 

STORE  IN  BUFFER  POINTER  LOW  BYTE 

LOAD  Y-REGISTER  WITH  $0C 

STORE  IN  BUFFER  POINTER  HIGH  BYTE 

JUMP  TO  READ  A  BLOCK  FROM  FLOPPY  DISK  DRIVE 


This  section  reads  in  the  first  block,  of  the  SOS. KERNEL  file, 


SOSKER 

LDX 

IDXBLKl 

LDA 

IDXBLK2 

LDY 

#00 

STY 

IBBUFP 

LDY 

#1E 

STY 

IBBUFP +1 

JSR 

READBLK 

LOAD  X-REGISTER  WITH  INDEX  BLOCK  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  INDEX  BLOCK  HIGH  BYTE 

LOAD  Y-REGISTER  WITH  $00 

STORE  IN  BUFFER  POINTER  LOW  BYTE 

LOAD  Y-REGIETER  WITH  $1E 

STORE  IN  BUFFER  POINTER  HIGH  BYTE 

JUMP  TO  READ  A  BLOCK  FROM  FLOPPY  DISK  DRIVE 


This  section  does  a  verification  of  the  SOS. KERNEL  file  to  make 
sure  it  is  the  proper  SOS. KERNEL  file.  It  checks  for  "SOS  KRNL"  in 
the  first  8  bytes  of  the  file. 


FLVRFY 

LDY 

#08 

FLVRFYL 

^    LDA 

L0ADADR-1,Y 

CMP 

FLVERIFY-1,Y 

BEQ 

$010 

JMP 

WRINKERERR 

S010 

DEY 

BNE 

FLVRFYLP 

LOAD  Y-REGIETER  WITH  $08 

LOAD  ACCUMULATOR  WITH  BYTE  FROM  SOS. KERNEL 

COMPARE  WITH  VERIFICATION  BYTE 

BRANCH  IF  EQUAL 

JUMP  TO  WRITE  INVALID  KERNEL  ERROR  MESSAGE  TO 

SCREEN 

DECREMENT  Y-REGISTER 

BRANCH  IF  NOT  EQUAL  TO  ZERO  TO  CHECK  REST  OF  E 

SOS. KERNEL  BYTES 


This  section  reads  in  the  SOS. KERNEL  file. 


RDSOSKER 

LDA 

#01 

STA 

INDXBLKCNT 

RDSOSKELP 

LDY 

INDXBLKCNT 

LDX 

IDXBLKl,  Y 

LDA 

IDXBLK2,Y 

BNE 

S010 

CPX 

#00 

BEQ 

JUMP SOSKER 

$010 

JSR 

READBLK 

INC 

INDXBLKCNT 

BNE 

RDSOSKELP 

LOAD  ACCUMULATOR  WITH  $01 

STORE  IN  INDEX  BLOCK  COUNT 

LOAD  Y-REGISTER  WITH  INDEX  BLOCK  COUNT 

LOAD  X-REGISTER  WITH  BLOCK  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  BLOCK  HIGH  BYTE 

BRANCH  IF  BLOCK  HIGH  BYTE  IS  NOT  EQUAL  TO  ZERO 

CHECK  TO  SEE  IF  BLOCK  LOW  BYTE  IS  NOT  EQUAL  TO 

ZERO 

BRANCH  IF  BLOCK  LOW  BYTE  IS  NOT  EQUAL  TO  ZERO 

JUMP  TO  READ  A  BLOCK  FROM  FLOPPY  DISK  DRIVE 

INCREMENT  INDEX  BLOCK  COUNT 

BRANCH  IF  INDEX  BLOCK  COUNT  IS  NOT  EQUAL  TO 

ZERO  TO  READ  MORE  OF  THE  SOS. KERNEL 


This  section  jumps  to  the  SOS. KERNEL  loader. 


JUMPSOSKER  CLC 

LDA 

#0E 

ADC 

OFFSET 

STA 

SOSJMPADR 

LDA 

#1E 

ADC 

OFFSET+1 

STA 

SOSJMPADR+1 

JMP 

@ SOSJMPADR 

CLEAR  CARRY 

LOAD  ACCUMULATOR  WITH  $0E 

ADD  OFFSET  LOW  BYTE 

STORE  IN  SOS  JUMP  ADDRESS  LOW  BYTE 

LOAD  ACCUMULATOR  WITH  $1E 

ADD  OFFSET  HIGH  BYTE 

STORE  IN  SOS  JUMP  ADDRESS  HIGH  BYTE 

JUMP  TO  SOS. KERNEL  LOADER 


This  section  reads  a  block  of  data  from  the  floppy  disk  drive. 
On  entry  the  x-reglster  contains  the  block  low  byte  and  the 
accumulator  contains  the  block  high  byte. 


READBLK 

STX 

IBTRK 

LSR 

A 

ROR 

IBTRK 

LSR 

A 

ROR 

IBTRK 

LSR 

A 

ROR 

IBTRK 

TXA 

AND 

#07 

TAX 

LDA 

SECTABL,  X 

STA 

IBSECT 

LDA 

#01 

STA 

IBCMD 

LDA 

#00 

STA 

IBDRVN 

STORE  BLOCK  LOW  BYTE  IN  TRACK  NUMBER 
DIVIDE  BLOCK  BY  8  TO  GET  TRACK  NUMBER 


TRANSFER  X-REGISTER  WHICH  CONTAINS  THE  BLOCK 

LOW  BYTE  TO  ACCUMULATOR 

MASK  OFF  BITS  3,4,5,6,7 

TRANSFER  ACCUMULATOR  TO  X-REGISTER 

LOAD  ACCUMULATOR  WITH  PROPER  SECTOR  TO  READ 

STORE  IN  SECTOR  NUMBER 

LOAD  ACCUMULATOR  WITH  $01 

STORE  IN  COMMAND  NUMBER 

LOAD  ACCUMULATOR  WITH  $00 

STORE  IN  DRIVE  NUMBER 
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A139 
A13C 

20  00F0 

9005 

*T7  A  MA                      1    *r»   TCtI       DirpnUT<!           TTTUTi  rrn  cfTin  k  ei7r'Fn/-\n  ■c'-Dr^Mr    -ct  Aonv  nrcv 

TNUfV^       1      BCC      $010 

BRANCH  IF  NO  DISK  ERRORS  OCCURED 

A13E 

A2  FF 

V^il  V(P        \            TXS 

LOAD  ACCUMULATOR  WITH  $FF 

A140 

9A 

TRANSFER  X-REGISTER  TO  STACK  POINTER 

A141 

B03B 

,1              \     BCS      WRDISKERR 
Y>H*\t      $010   1     INC      IBBUFP  +  l 
^^X.^          \     INC      IBSECT 
SBCXffr                          1     INC      IBSECT 

BRANCH  TO  WRITE  DISK  ERROR  MESSAGE  TO  SCREEN 

A143 

Ee  86 

INCREMENT  BUFFER  POINTER  HIGH  BYTE 

A145 

E6  84 

INCREMENT  SECTOR  NUMBER 

A147 

E6  84 

INCREMENT  SECTOR  NUMBER 

A14  9 

20  00F0 

Ljfc  JSR      REGRWTS 

JUMP  TO  READ  A  SECTOR  FROM  FLOPPY  DISK 

A14C 

9005 

^  BCC      $020 

BRANCH  IF  NO  DISK  ERRORS  OCCURED 

A14E 

A2  FF 

LDX      #0FF 

LOAD  ACCUMULATOR  WITH  SFF 

A150 

9A 

TXS 

TRANSFER  X-REGISTER  TO  STACK  POINTER 

A151 

B02B 

BCS      WRDISKERR 

BRANCH  TO  WRITE  DISK  ERROR  MESSAGE  TO  SCREEN 

A153 

E6  86 

$020        INC      IBBUFP+l 

INCREMENT  BUFFER  POINTER  HIGH  BYTE 

A155 

60 

RTS 

RETURN  TO  CALLER 

A156 

A156 
A156 

;  This  section  writes  the  not  found  error  message  to  the  screen. 

A156 
A156 

A156 

A2  IB 

WRNTFNDERR  LDX      #1B 

LOAD  X-REGISTER  WITH  $1B 

A158 

A0  21 

LDY      #21 

LOAD  Y-REGISTER  WITH  $21 

A15A 

BD  A4A1 

$010        LDA      NTFNDERR-1,X 

LOAD  ACCUMULATOR  WITH  NOT  FOUND  ERROR  MESSAGE 

A15D 

BYTE 

A15D 

99  2806 

STA      SCREENLOC,Y 

WRITE  IT  TO  THE  SCREEN 

A160 

88 

DEY 

DECREMENT  Y-REGISTER 

A161 

CA 

DEX 

DECREMENT  X-REGISTER 

A162 

D0F6 

BNE      $010 

BRANCH  IF  MORE  CHARACTERS  TO  WRITE  ON  SCREEN 

A164 

AD  40C0 

LDA      lOBEEP 

BEEP  SPEEKER 

A167 

4C  67A1 

$020        JMP      $020 

HANG  FOREVER  ! ! 

A16A 

A16A 
A16A 

;  This  section  writes  the  invalid  kernel  error  message  to  the  screen. 

A16A 
A16A 

A16A 

A2  13 

WRINKERERR  LDX      #13 

LOAD  X-REGISTER  WITH  $13 

A16C 

A0  ID 

LDY      #1D 

LOAD  Y-REGISTER  WITH  $1D 

A16E 

BD  BFAl 

$010        LDA      INVKEERR-1,X 

LOAD  ACCUMULATOR  WITH  INVALID  KERNEL  ERROR 

A171 

MESSAGE  BYTE 

A171 

99  2806 

STA      SCREENLOC,Y 

WRITE  IT  TO  THE  SCREEN 

A174 

88 

DEY 

DECREMENT  Y-REGISTER 

A175 

CA 

DEX 

DECREMENT  X-REGISTER 

A17  6 

D0F6 

BNE      $010 

BRANCH  IF  MORE  CHARACTERS  TO  WRITE  ON  SCREEN 

Ai7a 

AD  40C0 

LDA      lOBEEP 

BEEP  SPEEKER 

A17B 

4C  7BA1 

5020        JMP      $020 

HANG  FOREVER  ! ! 

A17E 

A17E 
A17E 

;  This  section  writes  the  disk  error  message  to  the  screen. 

A17E 
A17E 

^ 

A17E 

A2  0A 

WRDISKERR   LDX      #0A 

-  LOAD  X-REGISTER  WITH  $0A 

A180 

A0  18 

LDY      #18 

■  LOAD  Y-REGISTER  WITH  $18 

A182 

BD  D2A1 

$010        LDA      DISKERR-1,X 

■  LOAD  ACCUMULATOR  WITH  DISK  ERROR  MESSAGE  BYTE 

A185 

99  2806 

STA      SCREENLOC, Y 

-  WRITE  IT  TO  THE  SCREEN 

A188 

88 

DEY 

■  DECREMENT  Y-REGISTER 

A189 

CA 

DEX 

■  DECREMENT  X-REGISTER 

AISA 

D0F6 

BNE      $010 

■  BRANCH  IF  MORE  CHARACTERS  TO  WRITE  ON  SCREEN 

A18C 

AD  40C0 

LDA      lOBEEP 

•  BEEP  SPEEKER 

A18F 

4C  8FA1 

$020        JMP      5020 

•  HANG  FOREVER  ! [ 

A192 

A192 
A192 

;  STORAGE  FOR  THE  ERROR  MESSAGE  AND  FILE  VERIFICATION  ROUTINES 

A192 
A192 

A192 

0A 

FLNMELEN    .BYTE    0A 

A193 

53  4F  53 

2E  4B  45  52   FLNME       .ASCII   "SOS. KERNEL" 

A19A 

4E  45  AC 

A19D 

53  4F  53 

20  4B  52  4E   FLVERIFY    .ASCII   "SOS  KRNL" 

A1A4 

4C 

A1A5 

46  49  4C 

45  20  27  53   NTFNDERR    .ASCII   "FILE  'SOS. KERNEL'  NOT  FOUND" 

AlAC 

4F  53  2E 

4B  45  52  4E 

A1B3 

45  -50  27 

20  4E  4F  54 

AlBA 

20  46  4F 

55  4E  44 

A1C0 

49  4E  56 

41  4C  49  44   INVKEERR    .ASCII   "INVALID  KERNEL  FILE" 

A1C7 

20  4B  45 

52  4E  45  4C 

AlCE 

20  46  49 

4C  45 

A1D3 

44  49  53 

4B  20  45  52   DISKERR     .ASCII   "DISK  ERROR" 

AIDA 

52  4F  52 

AIDD 

AIDD 

.END 

SYMBC 

DL  TABLE  DUMP 

AB  - 

Absolute 

LB  -  Label     UD  -  Undefined     MC  -  Macro 

RF  - 

Ref 

DF  -  Def        PR  -  Proc           FC  -  Func 

PB  - 

Public 

PV  -  Private   CS  -  Consts 

BOOT 

STRA  PR  

—  1   BREG      AB  FFEF  1   DISKERR   LB  AIDS  |   ENTRY     LB  A000  |   EREG      AB  FFDF  | 

< 3089V 
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10/31/89  9:45 


HD:Apple  ///:SOS  Floppy  Bootstrap  Loader 


Page  5 


FILECNT 

AB 

00E5 

FIRSTPAG 

AB 

2000 

FLNME 

LB 

A193 

FLNME LEN 

LB 

A192 

FLVERIFY 

LB 

A19D  1 

FLVRFY 

LB 

A0E2 

FLVRFYLP 

LB 

A0E4 

IBBUFP 

AB 

0085 

IBBUFPTM 

AB 

00E3 

IBCMD 

AB 

0087  1 

IBDRVN 

AB 

0082 

IBSECT 

AB 

0084 

IBTRK 

AB 

0083 

IDXBLKl 

AB 

0C00 

IDXBLK2 

AB 

0D00  1 

INDXBLKC 

AB 

00E7 

INVKEERR 

LB 

A1C0 

lOBEEP 

AB 

C040 

JUMPSOSK 

LB 

A10B 

KBDSTROB 

AB 

C010  1 

LOADADR 

AB 

1E00 

MAINBUFF 

AB 

A200 

NMIVECTO 

AB 

FFCA 

NTFNDERR 

LB 

A1A5 

OFFSET 

AB 

1E08  1 

RDISOSKE 

LB 

A0D1 

RDSOSDIR 

LB 

A02E 

RDSOEKEL 

LB 

A0F6 

RDSOSKER 

LB 

A0F2 

READS LK 

LB 

AllD  1 

READIDXB 

LB 

A0BE 

READSOSD 

LB 

A024 

REGRWTS 

AB 

F000 

RETINT 

AB 

0040 

SCREENLO 

AB 

0628  1 

SECTABL 

AB 

F4A0 

SOSJMPAD 

AB 

00E8 

SRCHLP 

LB 

A06C 

SRCHSOSK 

LB 

A04  7 

WRDISKER 

LB 

A17E  I 

WRINKERE 

LB 

A16A 

WRNTFNDE 

LB 

A156 

Assembly  complete:       363  lines 
0   Errors  flagged  on  this  Assernbly 


6502  OPCODE  STATIC  FREQUENCIES 


ADC 

4 

1 

**** 

AND 

3 

1 

*** 

see 

2 

1 

** 

BCS 

3 

1 

**  * 

BEQ 

6 

1 

** A* A* 

BIT 

1 

m 

* 

BNE 

15 

1 

**!************* 

CLC 

2 

1 

**l 

CLD 

1 

m 

* 

CMP 

4 

1 

**** 

CPX 

2 

1 

It* 

DEC 

3 

1 

**  * 

DEX 

5 

1 

***** 

DEY 

5 

1 

***** 

INC 

6 

1 

****** 

I  NY 

2 

1 

** 

JMP 

7 

1 

******* 

JSR 

6 

1 

****** 

LDA 

37 

M 

***************************** 

LDX 

12 

1 

************ 

LDY 

14 

1 

************** 

LSR 

3 

1 

**  * 

ORA 

1 

m 

* 

PHP 

1 

IT 

* 

PLP 

1 

m 

* 

ROR 

3 

1 

**  * 

RTS 

1 

m 

* 

SBC 

2 

1 

** 

SEC 

1 

m 

* 

SEI 

1 

m 

* 

STA 

23 

1 

*********************** 

STX 

2 

1 

** 

STY 

6 

1 

****** 

TAX 

3 

1 

**  * 

TAY 

1 

m 

* 

TXA 

1 

m 

* 

TXS 

3 

1 

**  * 

Minir 

num 

frequency  =    1 

Maxir 

r\um 

frequency  =   37 

Avert 

ige 

frequency  =    5 

Unuse 

;d  opcodes 

ASL 

BMI   BPL 

BRK   BVC   BVS   CLI   CLV   CPY 

SED 

TSX   TYA 

EOR   INX   NOP   PHA   PLA  ROL   RT I 


Program  opcode  usage:   66  % 


(1.00)  That's  all.  Folks 
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#  Apple  ///  Computer  Information                    / 

APPLE  ///  SOS  BOOTSTRAP  LOADER 

HEXADECIMAL  DUMP 

Source 

DISKI.dofile 

as 

found  with  Chris  Smolinski's  Macintosh  SARA  emulator  application 

Printed  by  David  T.  Craig  •  December  1997 

This  hex  dump, 

which  was 

produced  by  the  Apple  Macintosh  MPW  DumpFile  tool,  lists  the 

Apple 

///  SOS 

Bootstrap  Loader.    This  512  byte  loader  exists  at  blocl<  0  of  SOS  disks  and  is                  | 

loaded 

by  1 

he  J 

^ppl 

e  ///  ROM  into  memory  addresses  $A000-$A1FF.    This  code's  purpose  is 

to  beg 

n  the  loading  of  SOS  from  the  floppy  disk  into  the  ///'s  memory.                                                    1 

0: 

4C 

6E 

AO 

53 

4F 

53    20    42    4F   4F    54    20    20    31    2E   31   LntSOS .  BOOT.  .  1 . 1 

10: 

20 

QA 

53 

4F 

53 

2E   4B   45    52    4E   45    4C   20    20    20    20    ..SOS. KERNEL 

20: 

20 

53 

4F 

53 

20 

4B   52    4E   4C   49    2F   4F   20    45    52    52    . SOS .KRNLI/0. ERR 

30: 

4F 

52 

08 

00 

46 

49    4C    45    20    27    53    4F   53    2E   4B   45   OR. .FILE. ' SOS .KE 

40: 

52 

4E 

45 

4C 

27 

20    4E    4F    54    20    46    4F   55    4E   44    25   RNF.T , '  . NOT . FOUND% 

50: 

00 

49 

4E 

56 

41 

4C    49    44    20    4B   45    52    4E   45    4C   20    . INVALID. KERNEL. 

60: 

46 

49 

4C 

45 

3A 

00    00    OC    00    IE   OE   IE   04   A4   78   D8   FILE: §xy 

70: 

A9 

77 

8D 

DF 

FF 

A2    FB   9A   2C    10    CO   A9    40    8D   CA   FF   ©wgfl"<;:'o,  .  i©@g    " 

80: 

A9 

07 

8D 

EF 

FF 

A2    00    CE   EF   FF    8E    00    20   7VD    00    20   ©.  g6"<:  .CE6"e .  .^.  . 

90: 

DO 

F5 

A9 

01 

85 

EO    A9    00    85    El   A9    00    85    85    A9   A2    -i©.  Ot©.  0-©.  OO©^^ 

AO: 

85 

86 

20 

BE 

Al 

E6    EO    A9    00    85    E6    E6    86    E6    86    E6    OU.^°E  +  ©.OEEUEU£: 

BO: 

E6 

20 

BE 

Al 

AO 

02    Bl    85    85    EO    C8   Bl    85    85    El   DO    E.ae°t  .±00  +  »±00- - 

CO: 

EA 

A5 

EG 

DO 

E6 

AD   6C   AO    85    E2    AD   6D  AO    85    E3    18    t^X-ti^WO ,^^\b„  . 

DO: 

A5 

E3 

69 

02 

85 

E5    38   A5    E2    ED   23   A4    85   E4   A5    E5    •  „i  .0A8»  ,  IttSOSb^A 

EG: 

E9 

00 

85 

E5 

AO 

00    Bl   E2    29    OF   CD   11   AO    DO    21   A8    E.OAf .±, ) .0. f- !® 

FO: 

Bl 

E2 

D9 

11 

AO 

DO    19    88    DO    F6   AO    00    Bl    E2    29    FO   ±,y . f-.a-" t .± J # 

100: 

53 

4F 

53 

20 

4B 

52    4E    4C    62    00    01    00    OE   2E   44    31    SOS.KRNLb Dl 

110: 

2F 

53 

4F 

53 

2E 

49    4E    54    45    52    50   AA  A5   AO    F9   AO    /SOS . INTERP™* t ^ t 

120: 

AO 

A5 

AO 

AO 

A5 

AO   AO    C5   AO   AO    98   AO   FO   Al   AO   CC    f t t • t t-t t6t*^tA 

130: 

AO 

AO 

C5 

AO 

AO 

AO   AO   AO    EE  AO   AO    C4    OE   2E    44    31    t t^t t t t tOt t/ . -Dl 

140: 

2F 

53 

4F 

53 

2E 

44    52    49    56    45    52    FF   9A  AO    FF    9A   /SOS .DRIVER^ot ^o 

150: 

AO 

AO 

AO 

AO 

DO 

AO   AO    CI   AO   AO    8A  AO   AO    F9   AO   Cl    t t t t-t t I t fat t ^ t i 

160: 

E9 

AO 

9E 

Al 

AO 

F5   AO   AO   A5   AO   AO    88    00    00    88    OC   Etu°tit t ♦ t ta. . a . 

170: 

A9 

00 

AA 

9D 

GO 

lA   9D   00    16    9D   00    IB   9D   00    18    9D  ©.™u. .u . .u. .u . .u 

180: 

00 

14 

9D 

00 

01 

CA   DO    EB   A9    3  0    8D   DF    FF   A2    FB    9A    .  .u.  .     -i©0gfl"<;°O 

190: 

A9 

lA 

8D 

DO 

FF 

20    D4    IF   AD  DF   FF    29    10    09    28    8D  ©.g-".  *  .?^"}  .  .  (g 

lAO: 

DF 

FF 

A2 

FF 

9A 

A9    lA   8D  DO    FF  AD   01    19    8D   EF   FF   fl^C^o©.  g-^^.  .  g6^ 

IBO: 

6C 

02 

00 

AA 

AD 

EF   FF    48    8E   EF   FF   A5    27    05    2  6    FO    1 .  .'^'^e^HeS"  •  '  .  &* 

ICO: 

33 

A5 

26 

DO 

02 

C6    27   C6    26    18   A5    23    65   27    85   23    3 •&- . A' A&. .#e ' 0# 

IDO: 

A5 

25 

65 

27 

85 

25   E6   27   A4    26   FO    07    Bl    22    91   24    .%e ' 0%fi ' §&* .±"e$ 

lEO: 

88 

DO 

F9 

Bl 

22 

91    24    88   C6    23   C6    25   C6    27   DO   EC   i~^±"e$aA#A%A' -I 

IFO: 
### 

E6 

23 

E6 

25 

68 

8D  EF   FF    60    18   A5   24    65    10    85    10    E#E%hg6" ^ . • $e .0 . 

APPLE  ///  SOS  BOOTSTRAP  LOADER  HEXADECIMAL  DUMP  •  Smolinski's  Macintosh  SARA  emulator  -1/1 
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The  Apple  HI 

The  Most  Powerful  Personal  Computer  In  Its  Class 


Too  much  information?  Not  enough 
time?  The  Apple  ///  was  created  to 
meet  the  information-handling  needs 
of  decision  makers  at  all  levels,  in 
every  size  and  kind  of  company.  And 
the  Apple  ///  can  grow  with  you,  so  as 
your  responsibilities  increase,  your 
ability  to  handle  them  stays  one  step 
ahead. 

You  can  use  the  power  of  your 
Apple  ///  to  create  financial  forecasts, 
budgets,  and  reports;  for  accounting, 
resource  management,  and  project 
scheduling;  in  electronic  communi- 
cations, software  development,  and 
computer-assisted  training.  Over  400 
business  programs  are  available  today 
for  the  Apple  ///  —  plus  the  extensive 
library  of  CP/M®  business  software 
(with  the  Apple  SoftCard'"  ///).  And 
most  Apple  //  Plus  programs  will  run 
in  the  Apple  ///'s  "emulation"  mode. 

The  Apple  ///:  the  personal  com- 
puter for  business. 


Powerful  features  for 
professional  needs. 

The  Apple  ///  is  ready  to  go  as  soon 
as  you  unpack  it,  connect  a  monitor, 
and  provide  power.  No  interface  cards 
are  required,  and  you  don't  have  to 
open  the  computer.  The  Apple  /// 
already  has  a  built-in  disk  drive,  video 
outputs  for  color  and  monochromatic 
displays,  and  a  numeric  keypad. 
Other  built-in  features  include; 
Large  User  Memory.  The  Apple  Ill's 
256K  of  internal  memory  means  you 
can  work  with  sophisticated  programs 
and  large  financial  and  text  docu- 
ments, quickly  and  efficiently. 
Color  Graphics.  The  16-color  graphics 
capability  of  the  Apple  ///  allows  you 
to  grasp  the  meaning  of  charts  and 
graphs  quickly.  If  you're  not  using 
a  color  monitor,  your  information  is 
displayed  in  16  shades,  so  the  facts 
still  stand  out  clearly. 
High-Resolution  Video.  The  Apple  /// 
displays  107, 520  points  of  information 
on  the  screen  (560  horizontal  x  192 
vertical)  in  text  and  monochromatic 
graphics  modes.  While  text  is  normally 
presented  in  an  80-column  by  24-line 
monochromatic  format,  it  can  be 
switched  to  40-column  monochro- 
matic or  color-on-color. 


Accessory  Connectors.  The  most 
common  accessories  plug  right  into 
the  Apple  ///.  Connectors  and  inter- 
facing hardware  are  already  built  in 
for  the  Apple  Daisy  Wheel  Printer 
(or  other  serial  printer),  the  Apple 
Silentype  Printer,  external  floppy 
disk  drives,  color  and  monochro- 
matic video  displays  (NTSC.  RGB. 
and  composite),  a  modem,  and  hand 
controls.  The  Apple  ///  also  has  four 
inside  expansion  slots  for  additional 
accessories. 

Apple  ///  Sophisticated 
Operating  System:  it  does  it 
all  for  you. 

Today . . .  you  can  bring  financial 
models  into  reports,  insert  names  into 
form  letters  automatically,  and  turn 
numbers  into  charts,  because  the 
Apple  Ill's  Sophisticated  Operating 
System  (SOS)  treats  all  your  files 
identically.  And,  since  applications 
programs  written  for  the  Apple  ///  are 
all  based  on  this  common  SOS  for- 
matting, you  can  combine  them  on 
a  ProFile^"  mass  storage  system  and 
move  freely  from  one  to  another.  The 
uniformity  of  SOS  also  provides  an 
ideal  environment  for  software 
development. 
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Tomorrow . . .  you  can  expand  your 
Apple  ///  elegantly.  Because  SOS 
controls  all  communications  with 
accessories,  you  don't  have  to  figure 
out  how  to  make  the  computer  work 
with  a  new  printer,  disk  drive,  or 
modem.  SOS  does  this  for  you  by 
using  special  files  known  as  "device 
drivers."  Apple  ///  programs  come 
with  the  most  commonly-used  device 
drivers,  and  you  can  make  programs 
compatible  with  new  equipment  by 
copying  a  driver  file  for  the  new  device 
onto  a  program  disk.  Your  software 
can  just  as  easily  be  revised  to  take 
advantage  of  SOS  upgrades,  and 
of  hardware  enhancements  to  the 
computer  itself. 

Installation's  easy. 
Learning  is,  too. 

Because  the  Apple  ///  already  has 
a  built-in  disk  drive  and  video  con- 
nector, the  computer  is  ready  to  work 
as  soon  as  you  connect  a  monitor  and 
provide  power.  Then,  Apple  makes  it 
just  as  easy  to  learn  how  to  use  it.  A 
comprehensive  Owner's  Guide  gets 
you  started,  and  a  System  Demonstra- 
tion disk  introduces  you  to  the  com- 
puter's text  editing  and  graphics 
capabilities.  Reference  manuals  and 
SOS  utilities  disks  are  included  for 
more  advanced  needs,  and  additional 
tutorials  on  the  computer  and  its 
programs  are  also  available. 


Durable.  Dependable. 
Reliable. 

The  Apple  ///  is  dependable,  inside 
and  out.  Outside,  it  has  a  rugged  die- 
cast  aluminum  chassis.  Inside,  elec- 
tronics based  on  advanced  micro- 
processor circuitry  assure  reliable 
operation.  The  system  also  meets 
UL  and  CSA  standards. 

Every  time  the  computer  is  powered 
up,  it  performs  a  brief  self-diagnostic 
routine.  Should  problems  arise,  help 
is  close  at  hand,  because  of  Apple's 
extensive  dealer/service  network. 
Average  turnaround  time  on  Apple  /// 
servicing  is  less  than  one  day. 


Standard  Features 

■  256K  internal  memory  (RAM) 

■  Built-in  disk  drive 

■  Custom  microprocessor  circuitry 

■  High-resolution  color  graphics 
(16  colors) 

■  80-column,24-Hne  text  display, 
upper  and  lower  case 

■  Contoured  typewriter-style  key- 
board; 61  keys;  all  128  ASCII  codes; 
auto-repeat  on  all  keys 

■  Numeric  keypad  (13  keys) 

■  Special-purpose  keys:  Up-Arrow, 
Down-Arrow,  Left-Arrow,  Right- 
Arrow;  programmable  Open-Apple 
and  Solid-Apple;  TAB;  SHIFT; 
ALPHA  LOCK;  CONTROL; 
RETURN;  ENTER;  ESCAPE 

■  Quick-connect  plugs  for  disk  drives, 
video  and  audio  devices,  serial 
printers,  modems,  and  hand 
controls 

■  Four  expansion  slots  for  accessory 
interface  cards 

■  Apple //Plus  emulation  mode 

■  High-quality  sound  generation 

■  Lockable  case 

■  Self-testing  diagnostics  on  powerup 

Optional  Accessories 

■  Monitor ///or  color  monitor 

■  Apple  Daisy  Wheel  Printer 

■  Apple  Dot  Matrix  Printer 

■  Apple  Silentype  Printer 

■  Disk ///floppy-disk  drives 

■  ProFile  hard-disk  systems 

■  Apple  SoftCard  ///  System 
(for  CP/M  capability) 

■  Parallel  Card  /// 

■  Serial  Card  /// 

■  Programming  languages  (Business 
BASIC,  Pascal,  COBOL) 

■  Cursor ///joysticks 
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Technical  Specifications 

■  Video  Display: 

Text  and  graphics  may  be  displayed 
simultaneously.  Graphics  modes: 

—280  X 192, 16  colors  (with  some 
limitations); 

—280  X 192,  monochromatic; 

—140x192, 16  colors; 

—560  X 192,  monochromatic; 

—All  Apple  //  modes  (in  emulation) 
Graphics  commands  allow  either  of 
two  screen  buffers  to  be  displayed. 
Text  modes: 

— BO-cotumn,  24-line  mono- 
chromatic; 

— 40-column,  24-line,  16-color 
foreground  and  background; 

—40-column,  24-line  mono- 
chromatic. 
All  text  modes  have  a  software- 
definable,  128-characterset  (upper- 
and  lower-case),  with  normal  or 
inverse  display. 

■  Central  Processing  Unit  (CPU): 
The  custom-designed  microprocessor 
circuitry  of  the  Apple  ///  utilizes  the 
6502B  as  one  of  its  major  components. 
Other  circuitry  provides  extended 
addressing  capability,  relocatable 
stack,  zero  page,  and  memory 
mapping. 

Type: 

6502B. 
Clock  Speed: 

1.4  MHz  average;  1.8  MHz  maximum. 
Operations  Per  Second  (8-bit): 

Up  to  750,000. 
Data  Bus: 

Two  8-bit  formats,  combined  for 

extended  addressing. 
Address  Bus: 

19  bits. 
Address  Range: 

262,144  bytes  (256K). 
Registers: 

Accumulator  (A);  Index  Registers 

(X.Y);  Stack  Pointer  (S);  Program 

Counter  (PC);  Environmental 

Register  (E);  Bank  (B);  Zero  Page 

(2);  Processor  Status  (P). 

■  Memory: 

256K  dynamic  RAM; 

4K  ROM  (initialization  and  self-test 

diagnostics). 


■  SOS  (Sophisticated  Operating 
System): 

Handles  all  system  I/O; 

Can  be  configured  to  handle  standard 
or  custom  I/O  devices  and  periph- 
erals by  adding  or  deleting  "device 
drivers"; 

All  languages  and  application  pro- 
grams access  data  through  the  SOS 
file  system. 

■  Inputs  and  Outputs: 
Keyboard: 

—61  keys  on  main  keyboard; 
—13  keys  on  numeric  keypad; 
—Full  128-character,  ASCII 

encoded; 
— All  keys  have  automatic  repeat; 
—Four  directional-arrow  keys  with 

two-speed  repeat; 
—Two  user-definable  Apple  keys; 
—Seven  other  special  keys:  SHIFT, 

CONTROL,  ALPHA  LOCK,  TAB, 

ESCAPE,  RETURN,  ENTER. 
Storage  Devices: 
— One  5.25-inch  floppy  disk  drive 

built  in,  140K  (143, 360)  bytes  per 

diskette; 
— Three  additional  drives  can  be 

connected  by  daisy-chain  cable 

(Total:  560K  bytes  on-line 

storage); 
—Up  to  four  ProFile  hard-disk  drives 

(5  megabytes  each)  may  be  added 

with  plug-in  interface  cards. 
Video  Output: 
—RCA  phono  connector  for  NTSC 

monochromatic  composite  video; 
—DB-15  connector  for: 

NTSC  color  composite  video; 

NTSC  monochromatic  composite 
video; 

RGB  color  video; 

Composite  sync  signal; 

Power  supply  voltages. 
—Color  signals  appear  as  16-level 

grey  scale  on  monochromatic 

displays. 
Audio  Output: 
—Built-in  two-inch  speaker;  minia- 
ture phono  jack  on  back  panel; 
—Driven  by  6-bit  D/A  converter  or 

fixed-frequency  "beep"  generator. 
Serial  (Printer/Modem)  Port: 
— RS-232C  compatible,  DB-25 

female  connector; 
—Software-selectable  baud  rate  and 

duplex  mode. 
One  port  may  be  used  for  the 
Silentype  printer. 


One  port  may  be  used  for  the  Silentype 
printer. 
Expansion: 
—Four  50-pin  expansion  slots  (fully 
buffered,  with  interrupt  and  DMA 
priority  structure). 
Joystick/Silentype  Ports: 
—Two  DB-9  connectors. 

■  Languages  Available: 
Apple  Business  BASIC,  Apple  /// 
Pascal,  Apple  ///  COBOL. 

■  Emulation  Mode: 

Provides  hardware  emulation  of  48K 
byte  Apple  //  Plus.  Allows  most  Apple  // 
programs,  with  the  exception  of  Pascal 
and  FORTRAN,  to  run  without 
modification. 

■  Electrical  Specifications: 

The  Apple  Ill's  power  cord  should  be 
plugged  into  a  three-wire  110-120  volt 
outlet. 

■  Physical  Specifications: 
Height:  4.8  inches  (12.20  cm) 
Depth:  18.2  inches  (46.22  cm) 
Width:  17.5  inches  (44.45  cm) 
Weight:  26  lbs.  (11.8  kg) 

The  Apple///  meets  the  following 
agency  regulations: 

UL 114  —  Office  Appliances  and 
Business  Equipment. 

CSA  22.2,  No.  154— Data  Processing 
Equipment. 

The  Apple  ///  Personal  Computer 

System  Package 

U.S.  Order  Number  A3S0256 

With  your  order  for  an  Apple  /// 

System  you  will  receive: 

256K  Apple  ///; 

Power  cord; 

Monitor  cable; 

System  Demonstration  disk; 

System  Utilities  disk; 

System  Utilities  Data  disk  (contains 

device  dhver  files,  character  sets, 

and  keyboard  layouts); 
Apple  //  Plus  Emulation  disk; 
Owner's  Guide; 

Standard  Device  Drivers  Manual; 
Warranty  and  service  information. 

specifications  or  products  may  change  without 

notice. 

Apple,  the  Apple  logo,  ProFile.  and  Silentype 

are  trademarks  of  Apple  Computer,  Inc. 

SoftCard  is  a  trademark  of  Microsoft 

Corporation. 

CP/M  is  a  trademark  of  Digital  Research,  Inc. 
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ABSTRACT 


A  waveform  of  arbitrary  complexity  nu\y  be  generated 
using  a  minimal  number  of  circuit  elements  and  minimal 
complexity  by  generating  a  frequency  domain  from  a 
minimum  set  of  base  frequencies  by  storing  lower  oc- 
tave frequencies  of  the  minimal  base  set  within  a  note 
memory.  Selected  octave  and  pitch,  or  note  may  be 
read  from  the  note  memory  according  to  a  list  of  notes 
to  be  thusly  read  as  stored  within  a  note  list  memory. 
Each  of  the  instantaneous  values  cf  the  base  frequencies 
read  from  the  note  memory  is  then  added  in  an  accumu- 
lator to  represent  the  instantaneous  value  of  the  sum  of 
notes  or  tones  comprising  the  complex  frequency  at  that 
time.  The  apphcation  of  process  time  periods  will  repli- 
cate an  arbitrary  complex  waveform.  Such  a  frequency 
generator  «n  find  wide  application  within  electronic 
musical  de%ices,  tests  and  analysis  instrumentation, 
communications  and  many  other  fields. 

5  Oalffls,  1  Drawing  FlBore 


7a^ 


J 


I 


QM/Ajrsjf 


£kr  agues  £m 


i{m^^^ 


'APPLE_PAT_4_445_414_01"  168  KB  2000-02-21  dpi:  300h  x  300v  pix:  1876h  x  2977v 


David  T  Craig    •    21  February  2004 


I  Page  0208  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent 


May  1,  1984 


4,445,414 


10 


3Z 


TOB 


I 


CouA/rs^ 


46^ 


1 


\z 


J 


/?//   AfuM 


Sei£cr 


A 


34 

1 


f»       44w 


/*^^.vy 


so 


5a 


/6 


SEX 


4Z 


MiKtZ:0 


CSjC/a/^^J 


t 


3a 


/V  Z?/47?7 


(^Sloes  /v 


^2-ra;  /kist/aey 


G 


56 


-f 


IP 


(al/A/ss)   _54 


^ 


Zf — 


/a 


jC^Covt/" 


66 


^ 


5Z 


^  C6U^£^)  \  /^ 


A/(/x^'/) 


60 


,30 


26, 


J/oeGi/j^/7JG? 


J^.^ 


40 


'APPLE_PAT_4_445_414_02"  132  KB  2000-02-21  dpi:  300h  x  300v  pix:  1858h  x  2909v 


David  T  Craig    •    21  February  2004 


I  Page  0209  of  0515 


Apple  Computer  Selected  Patents 


4,445,414 
1  2 

compares  the  lowest  order  of  bits  of  each  word  m  the 

DIGITAL,  SIMULTANEOUS,  DISCRETE  note  memory  to  the  OMTcsponding  hue  frequency.  The 

FREQUENCY  GENERATOR  rate  of  comparison  of  the  comparison  means  is  greater 

„    ^„  than  the  highest  base  frequency.  The  incrementtng 

BACKGROUND  OF  THE  INVENTION  3   nicans  conditionally  adds  one  to  the  corresponding 

h  Field  of  the  Invention  word  in  note  memory  if  the  comparison  generated  by 

The  present  invention  relates  to  the  field  of  digital        ^^  comparison  means  indicates  an  inequatity  between 

frequency  synthesizers  and  in  particular,  relates  to  must*       the  base  frequency  and  the  lowest  order  bit  of  the  ad- 

cal  tone  generators  and  frequency  synUiesizers.  dressed  word.  By  a  combination  of  these  elements,  oc- 

2.  Prior  Art  10  taves  of  each  of  the  base  frequencies  are  generated  for 

Frequency  synthesizers  are  categorized  as  cither  ana-        simultaneous  output 

log  or  digital.  In  each  category  generators  have  been  In  another  embodiment  of  the  present  invention  the 

devised  to  produce  one  frequency  at  a  time  or  multiple        invention  Auther  comprises  a  note  list  memory  for  stor- 

frequcncies  simultaneously.  jng  addresses  and  bit  location  codes  of  selected  words  in 

Analog  frequency  synthesizers  have  been  generally  ^^  the  note  memory.  A  bit  means  is  provided  for  seleo- 

charactcrized  by  requiring  a  distinct  electrical  compo-        lively  reading  every  address  and  bit  location  code  in  the 

nent  for  each  discrete  frequency.  In  other  words,  to        note  memory  and  for  addressing  a  selected  bit  from  the 

create  a  number  of  frequencies  an  equal  number  of       selected  words  in  the  note  memory.  An  output  means 

cwnponcnts  such  as  resistors,  inductors,  switching  cir-        adds  each  of  the  selected  bits  and  generates  a  sum  out- 

cuitn^  or  oscillators  arc  required  to  simultaneously  ere-  »  put  signal.  By  virtue  of  these  additional  elements,  an 

ate  the  same  number  of  frequencies.  Ccmiplex  switching        arbitrary  wavefonn  may  be  generated  from  the  base 

cucuits  are  devised  to  control  switchmg  between  a        frequencies. 

smaU^number  of  ^txollmg  components  and  a  larger  jhe  following  figures  show  one  embodiment  of  the 

number  of  controUed  oscillatory  or  tone  generators.  ,  -^^^^^^  ^^y  simultaneous  multiple  fi^ 

Large  and  complex  cucmte  arc  the  result  23  „„^^^  ^^„  w.  „^.„.ii .-      ,  •"J""^'^  "=" 

The  design  or  digital  circuitry  often  paraUels  prior        ^J^'SonTLV™^^  ^^i  u   ^tf  ^''^^ 
analog  circuitry  usS  for  simultaneous  Wation  of       T^  ^^  **""«*"  ^  referenced  by  hke  numer- 

frequencies.  Such  digital  circuits  also  mcorporate  a 

generally  linear  increase  m  component  count  with  an  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

increase  in  the  number  of  frequencies  generated.  For  30  -.  -   *u       i    ttt^ttb*-     i.-  i.  •» 

example,  a  separate  oscillator  b  required  for  each  fre-  ,.?^?:  ?  ^^'^  «*'*  FIGURE  which  illustrates  m  sim- 

quency,  such  as  a  flip-flop,  phase-Iockcd-loop  or  mono-        P»^«*  "ock  form  one  circuit  organization  which  can  be 
stable  oscUlator.  Electronic  or  mechanical  switching        "^'^*^™  ^  achieve  the  objects  of  the  invention, 
between  frequency  determining  components  such  as  DETAILED  DESCRIPTION  OF  THE 

resistors  or  crystals  is  also  used  in  order  to  control  as  3S  INVENTION 

many  oscillators  as  frequencies  which  are  required.  A 

small  set  of  fixed  frequencies  may  be  heterodyned  to  "^  pressnt  mvcntion  is  a  generator  for  simulta- 

create  a  larger  set  of  frequencies.  In  the  hoterodyning  neousiy  producing  multiple  frequencies  and  differs  from 
method,  switching  complexity  increases  .is  the  number  ^^  P"°^  '^  "*  *^^  ^^^  **  ^^  increase  in  the  complez- 
of  simultaneous  frequencies  also  increases.  In  addition,  40  **>  *^''  n^iber  of  circuit  elements  as  the  number  of  ii- 
when  heterodyning  the  set  of  fixed  frequencies  neces-  multaneous  frequencies  desired  increases.  The  present 
sarily  becomes  ever,  larger  when  the  frequencies  which  invention  maximizes  the  efficiency  by  which  memory 
are  ultimately  desired  Are  not  simply  related.  When  <^^  ^  utilized  to  produce  simultaneous  frequencies  by 
digital  counters  are  used  as  the  basic  element  in  fre*  utilizing  a  single  bit  to  produce  each  frequency.  In  the 
quency  generators,  the  result  is  that  the  number  of  digi-  45  illustrated  embodiment^  a  musical  tone  generator  it 
tal  counters  required  equals  the  number  of  desired  fre-  described,  although  the  same  principles  could  be  ap- 
quencies.  The  prior  art  uses  a  small  number  of  separate  P^^d  using  ordinary  skills  in  fhe  art  according  to  the 
oscillators  to  clock  a  number  of  counters  to  provide  in  present  teachings  in  order  to  devise  a  generalized  fre- 
tum  a  multiplicity  of  low  frequency  signals.  Each  de-  quency  synthesizer.  In  addition,  the  illustrated  embodi- 
aired  frequency  thus  requires  a  separate  counter.  Shift  SO  >°cnt  will  show  the  generation  of  a  squarewave  tone, 
registers  have  been  used  in  the  same  manner  as  counters  However,  it  is  well  undenrtood  that  sinusoidal,  triango- 
to  produce  a  multiplicity  of  low  frequency  signals.  l&f  or  any  other  non-rectangular  waveforms  can  be 

What  is  needed  then  is  circuitry  and  a  methodology        easily  generated  based  upon  the  rectangular  waveforms 
for  simultaneously  producing  a  large  number  of  fre-        using   well-known   waveform  generation   Cechniquea 
quencies  without  necessitating  a  corresponding  increase  35  mcluding,  but  not  limited  to,  Walsh  fimctions. 
in  the  number  of  separable  elements  required  to  gener-  According  to  the  basic  principle  of  the  invention  a 

ate  the  number  of  discrete  frequencies  desired.  plurahty  of  base  frequencies  or  pitches  are  generated 

RKTPP  ^HTVfMARVnp-rHP  TxrvPKmoM  ^"'^  ^^^  "  multiple  number  of  octaves  are  con- 

BRIEF  SUMMARY  OF  THE  INVENTION  structed.  In  other  words,  the  musical  scale  is  generated 

The  present  invention  is  an  apparatus  for  simulta-  60  in  the  highest  octave  and  all  lower  octaves  desired  are 
neously  generating  a  multiple  of  frequencies  comprising  derived  therefrom.  This  can  be  readily  accomplished  ia 
a  means  for  generatmg  a  pluraUty  of  base  frequencies,  a  the  present  invention  by  noting  that  each  higher  order 
note  memory,  a  comparison  means,  and  an  increment-  bit  in  t.  binary  word  changes  as  the  number  increases  in 
ing  means.  The  base  frequency  generating  means  is  unit  stepr  at  half  the  frequency  as  the  next  lower  order 
coupled  to  the  note  memory  which  is  used  fcr  rtcring  as  65  Irit  Thus,  by  adding  one  to  the  lowest  order  bit  of  a 
many  corresponding  words  as  the  number  of  the  plural-  binary  word,  the  varioviS  bits  in  the  word  form  a  repre- 
ity  of  base  frequencies.  The  comparison  means  is  ecu-  sentatiou  of  as  many  octaves  as  there  are  bits.  Thus,  a 
pled  to  the  note  memory  and  addresses  the  memory  and        single  binary  word  cai  represent  a  number  of  different 
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octaves  of  a  single  tone  or  pilch.  In  the  chromatic  scale.  trated  embodiment,  a  note  list  word  may  be  constructed 
twelve  tones  compnse  the  octove.  These  twelve  tones  on  a  S-bit  field  comprising  a  bit  location  code  represent- 
are  generated  by  a  conventional  top  ocUve  generator  ing  the  selected  octave  of  any  given  pitch.  Similarly,  a 
10  (hercmaftcr  TOG).  A  chromatic  scale  is  described  4-bit  field  comprises  a  pitch  location  code  and  is  capable 
only  for  the  purpcses  of  illustration  and  in  no  way  is  it  5  of  representing  any  one  of  the  twelve  pitches  within 
intended  to  limit  the  scope  of  the  present  invention.  each  corresponding  octave.  Thus,  a  7-bit  word,  formed 
aearly,  many  other  scales  or  relationships  between  a  of  a  3  and  4  bit  field,  is  capable  of  indicating  any  one  of 
set  of  base  frequencies  can  be  select^xl  according  to  the  the  96  different  notes  which  the  illustrated  embodiment 
application  and  objectives  at  hand.  For  example,  the  is  capable  of  generating.  By  an  expansion  of  these  prin- 
base  frequencies  may  be  nimierically  generated  by  a  10  ciples.  any  greater  or  lesser  scale  can  also  be  repre- 
computer  or  may  be  produced  by  a  fixed  memory.  sented  without  undue  complication  or  proliferation  of 

The  twelve  output  lines  of  TOG  10  are  coupled  to  a       circuitry. 
multiplexer  12.  The  output  of  multiplexer  12  is  coupled  Note  list  memory  28  is  a  random-access  memory 

to  an  exclusive-OR  gate  14.  A  random  access  memory.  capable  of  stormg  these  7-bit  words.  In  the  iDustrated 
or  note  memory  1<  provides  memory  capacity  for  15  embodiment,  in  fact,  note  list  memory  28  is  a  memory 
twelve  words,  each  of  eight  bits  m  length.  In  the  illus-  comprised  of  256  bytes.  Although  note  list  memory  28 
trat<^  embodunent.  eight  bit  words  are  chosen  inas-  and  note  memory  16  have  been  shown  and  described  as 
much  as  this  IS  a  convention  within  the  industry  and  separate  memories,  it  is  clear  that  they  may  in  fact  be 
moreover,  eight  octaves  are  usually  sufficient  to  pro-  distinguishable  portions  of  the  same  memory  elemenU 
vide  a  fuU  dynamic  range  for  a  musical  instrument  The  20  or  organized  in  any  other  equivalent  fashion.  Note  hst 
lowest  order  output  bit  of  note  memory  16  is  coupled  as  memory  28  and  note  memory  16  have  been  shown  and 
the  other  mput  to  exclusiveOR  gate  14.  The  output  of  described  herein  as  separate  memories  solely  for  the 
OR  gate  14  is  cot  pled  to  an  incrementer  18  whose  out-  purposes  of  clarity  of  explanation  and  case  of  under- 
put  IS  coupled  to  liie  accessed  word  location  from  note  standing.  In  addition,  note  list  memory  28  may  be  sub- 
"^°^  "■  25  stantially  larger  tiian  256  words  and  in  fact  may  be  as 

Thus,  the  basis  of  the  operation  of  the  present  inven-        large  as  practical  ;o  include  as  many  different  notes  as 
tion  can  be  undersiood  by  just  these  few  elements.  The        may  be  required  du  .ing  any  given  tune  period  to  repre- 
selected  pitch,  or  tone  from  TOG  10  is  coupled  through        sent  a  complex  ouiput  waveform, 
a  multiplexer  12  to  exc!usive-OR  gate  14.  Gate  14  will  The  4-bit  pitch  location  field  is  coupled  from  note  list 

present  a  1  to  mcrementer  18  in  the  event  that  tJne  least  30  memory  28  to  multiplexer  U  to  select  the  appropriate 
significant  bit  of  the  accessed  word  from  note  memory  base  frequency  from  TOG  10  as  described  above  and  to 
16  IS  different  than  the  value  of  the  base  frequency  the  address  input  of  note  memory  16  in  order  to  simulta- 
selected  from  TOG  10  during  that  clocked  period  and  neously  present  the  appropriate  pitch  word  at  the  out- 
otherwise  presents  a  0  output  if  the  least  significant  bit  put  of  note  memory  16.  The  3-bit  location  code  or  oc- 
from  the  accessed  word  and  the  selected  pitch  from  35  lave  field  is  simultaneously  presented  at  the  output  of 
TOG  10  are  the  same.  If  the  vaJue  stored  in  memory  is  note  list  memory  28  and  is  coupled  to  multiplexer  20 
different  than  that  present  on  the  selected  pitch  of  TOG  wherein  the  appropriate  octave  of  the  selected  pitch  is 
10.  the  word  in  memory  is  incremented  by  I.  (the  output  coupled  to  an  incrementer.  or  accumulator  30.  A  con- 
of  exclusive-OR  gate  14)  and  stored  back  into  note  ventional  counter  32  passes  through  the  entire  address 
memory  16  at  the  same  accessed  address.  By  selecting  40  domain  or  note  list  memory  28  to  read  the  entire  coa- 
the  comparison  or  clock  rate  to  be  greater  than  the  tents  of  memory  28  in  order  to  call  fortli  from  memory 
highest  frequency  of  the  plurality  of  base  frequencies  16  all  the  notes  required  for  the  simultaneous  creation  of 
genenited  by  TOG  10,  one  can  always  be  assured  that  the  complex  frequency.  Each  of  these  selected  biu  are 
the  crmtents  of  note  memory  16  have  been  updated  accumulated  in  accumulator  30.  When  the  entire  con- 
during  a  period  of  time  so  small  that  none  of  the  wave-  45  tents  of  note  list  memory  28  have  been  read  by  counter 
forms  generated  by  TOG  10  have  changed.  In  the  illus-  32.  latch  22  is  enabled  by  counter  32  and  the  contents  of 
trated  embodiment,  it  is  sufficient  to  drive  the  circuitry  accumulator  30  is  latched  therein.  Digital-to-analog 
of  FIG.  1  by  a  conventional  clock  at  a  rale  twice  the  converter  24  converts  the  digital  signal  stored  at  that 
highest  frequency  generated  by  TOG  10  in  order  to  mc«ncnt  in  ktch  22  into  a  corresponding  analog  voltage 
assure  this  result.  50  level.  ^^ 

The  output  of  note  memory  16  is  also  coupled  to  The  entire  contents  of  note  list  memory  28  are  read 

multiplexer  20.  Thus,  the  eight  octaves  represented  by  a  out  at  a  rate  higher  than  the  highest  desired  output 
pitch  contained  in  a  single  word  of  memory  is  presented  frequency  in  order  to  insure  that  the  proper  value  of  the 
to  the  mputs  of  multiplexer  20.  As  will  be  described  selected  octaves  based  upon  the  frequencies  of  TOG  10 
below  in  greater  detail,  the  output  of  multiplexer  20  55  are  accumulated  in  accumulator  30.  By  the  time  that  the 
ultimately  will  be  coupled  to  a  latch  22  and  a  digital-to-  last  frequency  output  of  TOG  10  changes  value,  note 
Malog  converter  24  for  conversion  into  an  audio  signal  list  memory  28  will  be  scanned  at  least  twice  again  to 
through  the  speaker  26  to  produce  the  selected  note.  select  the  various  pitches  and  sub-ocUves  as  specified  in 
The  note  can  be  arbitrarily  selected  according  to  con-  the  note  hst  contained  within  note  hst  memory  28.  If  a 
ventional  principles  well-known  to  the  art  Pitch  can  be  60  pitch  in  note  memory  16  is  not  contained  in  note-list 
selected  by  addressing  note  memory  16  and  the  octave  memory  28.  it  wiU  not  be  updated.  However,  when  the 
selected  by  controlling  multiplexer  20  according  to  the  pitch  does  appear  in  note-list  memory  28,  it  will  be 
present  teachings.  updated.  Inasmuch  as  only  the  oscaiation  rate  of  the  bits 

Another  aspect  of  tlie  present  invention  can  now  be  in  note  memory  16  are  sifiificant  and  not  the  magnitude 
understood  by  reviewing  the  remaining  elements  within  65  of  the  stored  number,  the  time  at  which  updating  com- 
the  circuitry  of  FIG.  1.  The  present  mvention  is  particu-        merices  or  ceases  is  irrele  vant 

larly  adapted  to  a  convenient  method  and  means  for  Iiibrmation  in  note  hst  28  is  controlled  by  an  external 

presenting  an  arbitrary  output  waveform.  In  the  illus-        device  or  computer  34  of  any  type  well-known  to  the 
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•ft  In  the  illustrated  embodiment,  the  entire  contents  of 

note-list  memory  28  can  be  changed  between  any  given 

clock  cycle  by  reading  in  a  new  list  through  multiplexer 

38  under  the  address  control  of  multiplexer  36.  In  other 

words,  the  address  locations  in  note-list  memory  28  are 

provided  by  external  user  device  34,  such  as  through 

software  control,  by  coupling  the  address  through  a-to- 

I  multiplexer  36.  Simultaneously  therewith,  the  note 

memory  addresses  are  read  into  the  selected  locations  in        ^.u-,^  ,u    r  ^a     c 

note-hst  memory  28  through  2-to~I  multiplexer  38  on  a  10      !!^  V*   t^^}^  ""^  '°'"**^ 

data  bus  line  40  from  user  34  Miiitmi-T^..c  «  ««^  iq wittun  the  fields  of  test  and 


20 


data  bus  hue  40  from  user  34.  Multiplexers  36  and  38  are 
controlled  by  a  select  line  42  again  controlled  by  user  34 
m  order  to  appropriately  select  either  data  and  ad- 
dresses from  user  34  or  aildresses  from  counter  32.  Data 
t)us  40  IS  also  bidirectional  to  allow  the  contents  of  note  13 
hst  memory  28  to  be  read  through  multiplexer  38  for 
«ny  purpose  desired  by  user  34. 

Although  the  present  invention  has  been  described  in 
connection  with  the  specifically  illustrated  embodiment 
as  shown  in  RG.  1.  many  other  applications  or  alter- 
ations  may  be  made  in  the  present  invention  without 
departing  from  ite  spirit  and  scope.  For  example,  addi- 
tional circuitry  may  be  added  according  to  well-known 
design  principles  by  foUowing  the  present  teachings  to 
add  amplitude  information  or  to  directly  generate  non-  25 
rectangular  waveforms.  The  amplitude  of  any  given 
note  may  increased  in  the  illustrated  embodiment  by 
simply  mduding  that  note  several  times  in  the  note  list 
memory.  AUematively,  additional  memory  may  be 
provided  to  store  amplitude  information  which  can  be  30 
then  used  to  multiply  or  amplify  the  digital  analog  data 
by  any  conventional  means.  In  other  words,  an  ampli- 
tude field  could  likewise  be  included  within  the  words 
of  the  note  list  memory  28  in  the  same  manner  and  the 
octave  and  pitch  fields.  33 

Although  generation  of  the  notes  within  note  mem- 
ory 16  have  been  shown  by  a  combmed  use  of  exclu- 
sive-OR  gate  14  and  incremcntcr  18.  many  other  alter- 
nauve  means  miy  also  be  included  such  as  reading  the 
word  mto  a  register,  adding  one  into  the  register  and  40 
then  rewntmg  the  word  back  into  the  same  memory 
location;  or  usmg  note  memory  16  in  such  a  manner  that 
each  word  location  is  an  accumulator. 

In  addition,  other  fields  within  the  words  stored  in 
note  list  memory  28  may  be  created  and  utilized  in  45 
vanous  applications.  For  example,  a  bit  may  be  reserved 
to  mdicate  if  a  certain  word  should  be  skipped.  This 
would  be  of  use  where  all  the  notes  in  note  memory  16 
were  constanUy  updated  but  only  those  indicated  by 
note-list  memory  28  were  to  produce  an  audible  note.  30 
CAic  or  more  bits  may  also  be  reserved  to  indicate  which 
of  two  or  more  channels  of  which  the  output  should  be 
directed. 

Although  the  present  invention  has  been  described  as 
a  musical  tone  generator,  it  must  be  clearly  understood  35 
that  this  application  is  merely  a  single  preferred  embodi- 
ment of  the  mventive  concept  which  can  be  employed 
productively  in  many  other  situations.  For  example,  the 
present  mvention  may  be  used  to  analyze  an  arbitrary 
waveform  by  successively  approximating  the  waveform  60 
by  generatmg  a  series  of  iterations  by  a  circuit  of  the 
type  shown  in  FIG.  1.  An  external  computer  can  be 
««ed  to  make  the  comparative  analysis  at  each  step  of 
the  Iteration  and  to  provide  the  appropriate  feedback 
parameters  to  the  circuitry  of  FIG,  1  for  the  next  ap-  63 
proximation.  The  speed  of  the  circuitry  of  FIG   1  is 
such  that  waveform  analysis  of  this  type  can  be  casUv 
accomplished.  ^ 


Thus,  what  has  been  devised  is  a  voice,  or  tone  gener- 
ator of  heretofore  unobtainable  speed,  flexibility  and 
simplicity.  In  the  prior  art,  a  256  voice  generator  re- 
quired hundreds  of  integrated  circuit  packages  whereas 
a  prototype  of  the  present  invention  was  capable  of 
functioning  b&  a  256  voice  generator  with  approxi- 
mately 20  integrated  circuits.  Thus,  the  circuitry  in  the 
present  invention  is  capable  of  applications,  not  only 
within  the  field  of  musical  instrumentation  but  also 

analysis  iiistrumentation. 


^  - — — "'^  ^'  "•     ■■■***■  «»a«a^. 

commumcations.  and  many  other  fields  as  well. 
I  claim: 

1.  An  apparatus  for  generating  simultaneous  multiple 
frequencies  comprising: 
base  frequency  means  for  generating  a  plurality  of 

base  frequencies; 
note  memory  for  storing  as  many  corresponding 
words  as  the  number  of  said  pluraLty  of  base  fre- 
quencies; 
comparison  means  Tor  comparing  tlie  lowest  order  bit 
of  each  said  word  in  said  nott  memory  to  said 
corresponding  base  frtquencies.  said  comparing 
occurrmg  at  a  higher  rate  than  the  highest  base 
frequency;  and 
increment  means  for  adding  1  to  said  corresponding 
word  m  s,'i  note  memoiy  if  comparison  by  said 
comparison  means  indicates  inequality  between 
said  base  frequency  and  said  lowest  order  bit; 
wherein  said  comparison  means  includes  an  exclusive 
OR  gate  and  said  incrementing  means  includes  an 
incrementer,  one  input  of  said  exclusive  OR  gate 
bemg  coupled  to  said  base  frequency  means  and  the 
other  input  of  said  exclusive  OR  gate  being  cou- 
pled to  the  least  significant  bit  output  lice  from  said 
note  memory,  the  output  of  said  exclusive  OR  gate 
being  coupled  to  one  input  of  said  incrcmenrer.  the 
other  ^:puts  of  said  incrementer  being  coupled  to 
the  outputs  of  said  note  memory, 
whereby  the  output  of  said  exclusive  OR  gate  is 
added  to  the  addressed  contents  of  said  note  mem- 
ory to  create  a  word  representative  of  the  pitch  of 
the  base  frequency  where  each  higher  order  bit  is  a 
lowo-  octave  of  said  base  frequency,  and 
ocuves  of  each  said  base  frequencies  are  gtucrated 

for  simultaneous  output 
2.  The  apparatus  of  claim  1  further  comprising: 
a  note-list  memory  for  storing  addresses  of  selected 
words  in  said  note  memory  and  corresponding 
octave  field  codes; 
note  address  means  for  successively  reading  every 
address  and  octave  field  in  said  note-list  memory 
and  fcr  addressing  a  selected  bit  from  said  selected 
words  in  said  note  memory;  and 
output  means  for  adding  each  said  selected  bit  and 

generating  a  sum  output  signal, 
whereby  arbitrary  waveforms  may  be  generated  from 
said  base  frequencies. 

3.  The  apparatus  of  claun  2  wherein  said  base  fre- 
quency means  is  a  top  octave  generator  for  prxxlucing  a 
chromatic  scries  of  pitches. 

4.  The  apparatus  of  claim  2  wherein  said  output 
means  comprises: 

a  multiplexer  having  its  inputs  coupled  to  said  note 
memory; 

an  accumulator  having  its  input  coupled  to  said  multi- 
plexer^ 
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digital-to-analog  convemon  means  coupled  to  said 
accumulator  for  selectively  generating  an  analog 
ftignal  from  a  digital  input;  and  . 

control  means  coupled  to  said  dtgital-to-analog  means 


for  enabling  said  digital-to-analog  means  when  said 
accumulator  has  reached  a  final  value. 
5.  The  apparatus  of  claim  4  wherein  said  ccmtrol 

means  is  a  counter  used  to  address  and  read-out  the 

entire  contents  of  said  note-list  memory. 
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ABSTRACT 


A  cursor  control  device  having  particular  application  to 
a  computer  display  system  is  disclosed.  The  cursor 
control  includes  a  unitary  frame,  having  a  domed  por- 
tion substantially  surrounding  and  retaining  a  ball 
which  is  free  to  rotate.  X-Y  position  indicating  means 
are  provided,  such  that  rotatico  of  the  ball  provides 
signals  indicative  of  X-Y  positions  on  the  display  sys- 
tem. The  ball  is  free  to  "float"  in  the  vertical  direction 
within  the  dome,  and  thereby  maintain  good  surface 
contact  X-Y  positions  are  established  by  movement  of 
the  control  device  over  a  surface.  A  display  system  and 
method  is  disclosed  for  use  in  conjunction  with  the 
cursor  control  device,  which  pennits  a  user  to  select 
command  options  simply  by  movement  of  the  displayed 
cursor  over  a  •^ull-down"  menu  bar. 

13  Clalma,  15  Drawing  Flgarcs 
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^^  ».«»«  ««*  _^  —    _  ^^  intcmipts  two  light  beams  which  are  arranged  such 

^^  SSJ^A?^'^  ^^  "^  ^^^^^  ^^  When  one  beam  is  fuUy  transmitted,  the  other  is 

DISPLAY  SYSTEMS  partially  blocked.  Beam  interruptions  produce  signal 

nA<^irr-DrMTXTT%rM7'T-uT.  Tvnrn..,^^..  P"**^  representing  increments  of  motion,  while  the 

BACKGROUND  OF  THE  INVENTION  5   order  in  which  the  light  beams  arc  interrupted  indicates 

1.  Field  the  directioa  of  motion,  thereby  resulting  in  an  X-Y 
The  present  invention  relates  to  the  field  of  display  position  on  a  display  system.  The  ball  is  maintained  in 

systems,  and  more  particularly  U>  devices  which  can  contact  with  the  roller  shafts  by  a  spring  biased  idler 

position  a  cursor  over  selected  locations  on  a  computer  wheel.  The  ball  is  free  to  "float"  in  the  vertical  direction 

controlled  display.  10  within  the  dome,  and  thereby  maintain  good  surface 

2.  Art  Background  contact  Moreover,  die  haU  may  be  easily  removed  for 
In  many  computer  controlled  display  systems,  it  is  cleaning  to  insure  that  any  build  up  of  Imt  or  the  like 

desirable  to  allow  the  user  to  control  the  position  of  a  does  not  prevent  the  ball  from  rotating  smoothly  A 
cunor  or  the  like  by  means  which  are  external  from  the  switch  is  provided  within  the  cureor  control  housing  in 
mam  computer  keyboard.  For  example,  a  user  may  be  *5  order  to  signal  the  disptoy  system  that  a  desired  X-Y 

T^J"  "^"^^^^^  ""^^^n^*"  °P"J*°?  ^^  '***=»^^'»  <">  ^  **^PJ«y  «r^"  has  been  selected.  In 
fn^rf^?     ^^^  "^'"*^  (CRT),  or  may  desire  to        operation,  a  user  may  selectively  position  a  cu«or  or 

ton.  In  such  situations  traditional  keyboard  mput  sys-        sor  control  device  over  a  surface,  such  as  a  desk,  until 

tems  are  not  as  effccUve  as  a  cursor  control  device  20  ...  ^^j^^ *  *'"f*»^  >"^"  "  "  °^.    ."* 

commonly  referred  to  as  a  -mouse".  ^J^a     ?^^  '^'*°"  ^  '^T^  ^  '^'  '^'^^^^ 

In  a  typical  "mouse"  system,  a  hand-held  transducer  ^^'  t^^  *^^  ^u  "*''*'^  "  ^'^'^^  ^^' 
provides  positional  movS  signals  to  th^pS^  ^i.h -^T'^""  .""^i  "^  ^»'^^«"'^*  <*'vice. 
system.  Traditionally,  the  movem^f  wheels  Jul  Tv  Iv^?  T.^^fT  f?"""**  °P'^°'"  ^^'^ 
the  cursor  control  device  are  coupled  to  potentiometers  25  ^,^ov«nent  of  the  displayed  cursor  over  a  "menu 
to  provide  signals  indicative  of  an  X-Y  position  on  the 

display  screen  (see  U.S.  Pat  Nos.  3.541,541;  3,269.I9(^  BRIEF  DESCRIFHON  OF  THE  DRAWINGS 

and  3.835.464).  Other  mouse  systems  utilize  rotating  —r-  •  ■  -        •        , 

balls  on  wheels  which  are  in  turn  coupled  to  route  ^^-  I  »»  pcrepecUve  view  of  the  present  invention, 

apertures  interrupting  beams  of  light,  thereby  providing  30  .  ^-  ^  **  *  perspective  of  the  present  invention  Ulus- 
positional  signals  to  the  display  system  (see  U  S  Pat  ^ratmg  the  cursor  contrcd  device  as  it  appears  without 
Nos.  3.892.963  and  3.541,521).  **  housing  cover. 

One  common  disadvanuge  of  cursor  control  devices  ^^'  ^  "  f  perspective  view  of  the  unitary  frame  of 

found  in  the  prior  art  is  their  cost  Typically,  prior  art        ^^  present  invention  coupled  to  the  printed  circuit 
cursor  controls  include  cosUy  mechanical  parts  which  35  ****^^  ***^  illustrating  the  placement  of  pholo-detec- 
require  precise  alignment  for  proper  operation.  More-        ^"  *"**  ^*  coupling  connector, 
over,  it  is  not  uncommon  for  these  devices  to  exhibit  a  ^^^-  *  »s  a  further  perspective  view  of  the  unitary 

loss  in  accuracy  over  time  as  the  mechanism  wears.  As        ^™™^  *"*^  circuit  board  of  FIG.  3  illustrating  the  posi- 
computcr  display  capabilities  have  become  more  ad-        ^°  ^^  »  ^o*^  *l^*f*  «nd  encoder  wheel, 
vanced  in  tenns  of  user  real-time  graphic  intcration,  40      ^^-  5  is  a  top  view  of  the  unitary  frame  and  printed 
ctirsor  control  devices  have  become  a  necessity  in  many        circuit  board  of  the  present  invention, 
computer  systems.  Accordingly,  there  exists  a  need  to  ^^G-  *  «  »  partial  view  of  the  unitary  frame  in  FIG. 

provide  a  cost  effective,  simple  and  highly  reliable  cur-        ^*  illustrating  the  insertion  of  a  detector  aperture, 
sor  control  device  for  providing  signals  indicative  of  ^^-  '  »  »  perspective  view  of  the  unitary  frame  of 

X-Y  positions  on  a  computer  display  system.  45  P^G-  3,  illustrating  the  placement  of  resistors  on  the 

As  will  be  disclosed  below,  the  present  invention        printed  circuit  board, 
provides  an  improved  cursor  control  device  which  FIG-  8  is  a  perspective  view  of  the  coupling  of  the 

overcomes  the  disadvantages  of  the  prior  art  by  utiliz-        unitary  frame  cage  and  printed  circuit  board  combina* 
ing  a  unitary  frame  structure  for  accurate  alignment  of       tJon  to  the  bousing  base  of  the  present  invention. 
all  elements  and  simple  assembly,  as  well  as  photo-  50      F'G-  9  is  a  perspective  view  illustrating  the  place- 
optics  to  provide  the  required  positional  signals.  In        nient  of  the  control  switch  within  the  housing  base, 
addition,  a  display  system  and  method  is  disclosed  for  FIG.  10  is  the  perspective  view  of  the  final  assembly 

usein  association  with  the  cursor  control  device  which        of  the  present  invention  illustrating  the  coupling  of  the 
permits  a  user  to  select  command  options  simply  by        cover  and  base  portions  of  the  housing, 
movement  of  the  cursor  over  a  "pull-down"  menu  bar.  55      FIG.  11  is  a  perspective  view  Ulustrating  the  insertion 

SUMMARY  OF  THE  INVENTION  ""' i^TXf ''^  "^^  "°*''"^  *"1  ^?'**'"«  *'^*- 

FIG.  12  ts  a  diagrammatical  illustration  of  Uie  align- 
A  cursor  control  device  having  particular  application        ment  of  the  photo-emitters  in  relation  to  each  encoder 
to  computer  display  systems  is  disclosed.  The  cursor        disc. 

control  includes  a  unitary  frame  having  a  domed  por-  «0      FIG.  13  is  a  diagrammatical  Ulustration  of  a  sample 
tion  which  houses  a  ball  which  is  free  to  rotate.  Two       quadrature  output  of  the  present  invention  indicative  of 
encoder  disc  assemblies  are  provided,  which  include        X-Y  locations  on  a  display  system 
roller  shafts  disposed  substantially  90degrees  relative  to  FIG.  14  b  a  diagrammatical  illustration  of  a  •^ufl 

one  another  and  m  contact  with  the  ball.  Each  roUer        down"  menu  bu-  display. 

shaft  tt  coupled  to  an  encoder  disc  having  a  pluraUty  of  65      FIG.  15  is  a  block  diiigram  illustrating  the  sequence 
stoto  disposed  radudlyyound  the  disc  periphery^  of  step,  utilize  by  the  present  invention  to  dispUy 

Slots  mterrupt  hght  beams  which  are  provided  by  pho-        options  and  associated  commands  on  a  **DuIl-down^ 
toemittcn  and  directed  at  photo-detectors.  Each  slotted        menu  bar  display. 
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nPTAiT  Pn  np^rTiiirrfow  nu  tmp  "^^^^  encoder  disc  usembliei  are  provided  to  con- 
DETAIt^  C^^^FTTON  OF  THE  vert.  «»  wiU  be  described,  the  movement  of  the  cunor 
iPtYEjHi  iKjn  control  unit  20  into  signals  indicative  of  X-Y  locations 
A  cursor  control  device  having  particular  application  dcHned  on  the  display  system.  Each  encoder  assembly 
for  use  in  conjunction  with  a  computer  display  system  is  3  52  includes  an  encoder  disc  54  axially  coupled  to  a 
disclosed.  In  the  following  description  for  purposes  of  roller  shaft  56.  In  addition,  each  encoder  disc  54  is  pro- 
explanation,  specific  numbers,  materials  and  configura-  vided  with  a  plurality  of  radially  disposed  slots  57 
tions  are  set  forth  in  order  to  provide  a  thorough  under-  which  interrupt  the  light  beams  generated  by  the  photo- 
standing  of  the  present  invention.  However,  it  will  be  emitters  40.  A  cylindrical  contact  member  58  surrounds 
apparent  to  one  skilled  in  the  art  that  the  present  inven-  10  each  roller  shaft  56  at  each  respective  cut  out  location, 
tion  may  be  practiced  without  the  specific  details.  In  as  illustrated.  Each  encoder  disc  assembly  52  is 
other  inst&nces,  well  known  systems  are  shown  in  dia-  mounted  on  the  unitary  frame  2S  by  inserting  the  en- 
grammatical  or  block  diagram  form  in  order  not  to  coder  disc  54  between  the  detector  aperture  50  and 
obscure  the  present  invention  unnecessarily.  emitters  40  and  snapping  an  end  clip  60  over  the  oppo- 
Referring  now  to  FIG.  1,  the  present  invention  in-  13  site  end  of  the  roller  shaft  56  (Sec  FIGS.  4,  5  and  7X 
dudes  a  hand  held  cursor  control  unit  20  which  is  cou-  thereby  allowing  rotation  of  ibt  roller  shaft  and  en* 
pled  to  a  plug  22  by  means  of  a  cable  24.  As  best  illus-  coder  disc  with  a  minimiim  of  friction.  As  illustrated, 
trated  in  FIG.  2,  cursor  control  unit  20  includes  a  cover  each  shaft  56  is  slipped  into  and  carried  by  a  *'ir  shaped 
25  and  a  base  26  upon  which  the  interna!  workings  of  guide  59  formed  from  upwardly  extending  alignment 
the  present  invention  are  disposed.  As  will  be  apparent  20  bosses  53  to  maintain  each  roller  shaft  56  in  proper 
from  the  discussion  which  follows,  cursor  control  unit  orientation.  End  51  of  the  shaft  56  is  carried  for  rotation 
20  is  designed  with  ease  of  assembly  in  mind,  while  within  a  hollow  portion  of  the  detector  aperture  30, 
providing  very  close  tolerances  and  high  X-Y  position  such  that  encoder  disc  54  is  disposed  in  close  proximity 
location  accuracy.  to  the  aperture  50.  The  present  invention's  use  of  inte- 
With  reference  to  FIGS.  3,  4  and  5,  a  premolded  25  gral  lubrication  within  the  frame  material,  permits  each 
unitary  frame  28  is  provided  which  includes  a  domed  shaft  56  to  freely  rotate  about  its  longitudinal  axis. 
housing  30  presently  having  three  cut-out  locations  31,  As  a  result  of  the  above  described  configuration,  the 
32  and  33.  As  illustrated,  cut-outs  31  and  32  are  disposed  radially  disposed  slots  57  jf  each  encoder  disc  interrupt 
substantially  at  90  degrees  with  respect  to  one  another,  two  light  beams  from  photo-emittcra  40.  The  position  of 
with  cut-out  33  being  oriented  generally  symmetrically  30  the  emitter/detector  combination  and  encoder  disc  is 
opposite  the  other  cut-outs.  In  addition,  frame  28  in-  such  that  when  one  beam  is  fully  transmitted,  the  other 
eludes  a  plurality  of  bosses,  slou  and  shaped  stems  of  is  partially  blocked  by  a  slit  on  the  encoder  disc.  As  will 
material  which  when  pertinent  will  be  discussed  in  this  be  discussed,  in  operation  a  ball  62  is  disposed  within 
specification.  In  the  presently  preferred  embodiment.  the  dome  30  of  the  frame,  and  retained  such  that  it  is 
the  frame  28  is  comprised  of  a  plastic  material  (e.g.  33  maintained  in  contact  with  both  cylindrical  contact 
polycarbonate)  which  is  impregnated  with  a  lubricant  members  58.  The  rouiion  of  the  ball  62  within  the  dome 
(e-g-  teflon).  Thus,  during  operation  and  throughout  its  30  in  turn  causes  the  rotation  of  each  roller  shaft  56  and 
useful  hfe,  cursor  control  unit  20  docs  not  require  the  its  respective  encoder  disc.  As  will  be  discussed,  the 
addition  of  either  wet  or  dry  lubricants.  Frame  28  is  beam  interruptions  from  the  roution  of  each  encoder 
mounted  on  a  printed  circuit  board  34  to  facilitate  elec-  40  disc  54  produce  signal  pulses  representing  incrementt  of 
trical  connection  between  the  various  electrical  ele«  motion,  while  the  order  in  which  the  light  beams  are 
ments  within  the  unit.  Electrical  connector  header  36  is  interrupted  indicates  the  direction  of  motion  of  the 
mounted  as  shown  (see  FIG.  3)  to  the  unitary  frame  28  cursor  control  unit 

such  that  connector  pins  38  pass  through  a  rectangular  Ball  62  is  retained  against  the  cylindrical  contact 

slot  39  through  the  frame  to  the  circuit  board  below.  As  43  members  58  by  an  idler  wheel  64  mounted  for  roUtion 

will  be  discussed,  cable  24  is  electrically  coupled  to  the  on  a  fixed  shaft  66,  as  best  shown  in  FIG.  5.  The  idler 

cursor  control  unit  20  through  connector  36.  wheel  64  and  shah  66  are  inserted  within  a  slot  68 

As  illustrated  in  FIG.  3,  photo-emitters  40  are  in-  formed  by  rectangular  bosses  69  and  70  extending  up- 

serted  into  slots  42  such  that  the  emitter  portion  is  fac-  wardly   from  the   frame's  base.   Wheel   64  extends 

ing  away  from  the  dome  30  (note  that  one  emitter  40  is  SO  through  cut-out  33  into  the  interior  of  the  dome  30.  The 

shown  in  FIG.  3  partially  inserted).  Upwardly  extend-  legs  of  a  staple  shaped  idler  spring  72  are  inserted 

ing  clips  43  are  snapped  over  portions  of  each  emitter  through  passages  73  passing  perpendicular  to  the  hori- 

40,  as  shown,  to  prevent  them  from  being  dislodged.  zontal  plane  of  the  frame  28  and  circuit  board  34, 

Similarly,  two  photo-detectors  46  are  inserted  facing  thereby  retaining  the  shaft  66  within  the  slot  68. 

the  emitters  40  into  slots  47  in  each  of  two  detector  S3  Referring  now  to  FIG.  7,  resistors  76,  which  are 

apertures  50.  As  shown  in  FIG.  6.  an  outwardly  extend-  required  by  the  specific  electronics  of  the  emittcr/de- 

ing  portion  48  of  each  detector  aperture  50  is  aligned  lector  combination  of  the  present  invention,  are  inserted 

with  guides  49  formed  integrally  with  the  frame  28,  and  into  the  printed  circuit  board  34.  The  resistors  76  and 

the  aperture  is  then  snapped  downward  into  place.  associated  leads  from  the  connector  36.  photo-emitters 

Thus,  each  detector  aperture  50  houses  two  detectors  60  40,  and  photo-detectors  46  are  then  electrically  con- 

46  which  face  two  emitters  40.  respectively.  In  the  nected  and  soldered  in  place  as  is  conventionally  done 

presently  preferred  embodiment,  the  emitter/detector  in  the  art 

combination  operates  within  the  infrared  region.  How-  With  reference  now  to  FIGS.  8,  9  and  10^  the  assem- 

ever,  it  will  be  appreciated  that  any  suitable  wavelength  bled  frame  28  and  circuit  assembly  is  mounted  on  the 

may  be  used  in  a  particular  application.  In  addition.  63  base  26  by  means  of  a  screw  78.  As  illustrated,  base  26 

presently,  the  detectors  46  incorporate  integral  Schraitt  includes  an  upwardly  extending  switch  retaining  por- 

triggers  to  provide  detector  outputs  which  more  closely  tion  80  and  a  generally  circular  cut-out  orifice  82.  As 

approximate  a  digital  signal  best  shown  in  FIGS.  8. 10  and  11,  circular  orifice  82  is 
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disposed  substantially  below  the  opening  of  dome  30.  provided  such  that  a  "iiienu"  bar  100  comprising  a  vari- 
and  includes  outwardly  extending  locking  ridges  84  etyofcommand  options  indicated  by  titles  (for  example, 
which  are  designed  to  accommodate  a  lock  cap  96  (See  T|.  Tj,  T3 . . .  Tji).  is  displayed  across  the  CRT  screen 
FIO.  IIX  such  that  ball  62  may  be  retained  within  the  or  the  like  as  shown  in  FIO.  14.  If  a  particular  title  (for 
dome  30.  Lock  cap  86  includes  outwardly  extending  S  example  T|)  is  selected,  one  or  more  sub-command 
tabs  88  arranged  to  interleaf  with  ridges  84.  In  opera-  items  104  are  displayed  by  the  computer  system  below 
tion,  a  user  desiring  to  insert  or  remove  ball  62  from  the  the  primary  menu  title.  As  illustrated,  the  sub-command 
cursor  control  unit  20.  may  unlock  and  remove  the  lock  items  appear  to  the  user  to  be  **pu]led  down"  from  the 
cap  86  from  the  orifice  82  by  simply  rotating  the  cap  main  menu  bar  100.  The  user  then  selects  a  desired  item 
such  that  the  tabs  88  and  ridges  84  no  longer  interleaf.  iO  for  execution  by  the  computer  by  appropriate  move- 
As  illustrated,  lock  cap  86  generally  has  a  toroidal  ment  of  a  cursor  control,  as  will  be  described.  Although 
form  having  a  central  oriAce  87  ofsmaller  diameter  than  the  list  of  items  104  are  shown  for  illustration  below 
cutout  orifice  82.  It  will  be  apparent,  that  once  ball  62  is  menu  title  options  T|.  Ti.  and  T3,  in  the  present  embodi- 
inserted  and  retained  by  lock  cap  86.  Thus,  ball  62  ment  only  one  menu  option  may  be  pulled  down  and 
contacts  the  surface  below  the  cursor  control  unit  20  IS  displayed  at  a  time. 

and  rotates  in  response  to  the  movement  of  the  unit  on  The  sequence  of  operations  executed  by  the  com- 
the  surface.  puter  system  to  permit  the  user  to  select  a  particular 
As  shown  in  FIG.  9,  cable  24  is  coupled  to  cursor  menu  title  and  subcommand  item  is  shown  in  FIO.  15. 
control  20  through  a  female  connector  94  which  is  The  computer  initially  displays  menu  bar  100  on  the 
inserted  over  pins  38.  A  switch  90  is  coupled  to  the  20  display  system  as  shown  in  FIG.  14.  A  user  desiring  to 
cable  24  through  electrical  connector  36,  and  is  inserted  select  a  particular  title  moves  cursor  control  unit  20 
within  the  retaining  portion  80.  A  switch  cap  91  forms  over  a  suiface.  thereby  rotating  ball  62  within  dome  30 
part  of  the  cover  25  (see  FIG.  1).  and  is  disposed  above  and  sending  signals  indicative  of  X-Y  locations  to  the 
switch  90  such  that  the  depression  of  the  switch  cap  91  display  system  for  corresponding  movement  of  a  cursor 
forces  switch  90  to  electrically  close,  and  ther^y  signal  23  or  the  like  on  the  display  screen.  Once  the  cursor  is 
the  computer  display  system  that  an  appropriate  X-Y  positioned  over  (or  in  proximity  with)  the  chosen  menu 
location  has  been  selected.  As  shown  in  FIQ.  10.  base  title  selection,  the  user  depresses  switch  cap  91  on  cur- 
26  and  cover  25  are  coupled  by  securing  both  sections  sor  control  20.  thereby  activating  switch  90,  and  signal- 
to  one  another  using  screws  92.  Once  the  cover  and  ing  the  computer  system  that  the  particular  title  has 
base  have  been  joined,  ball  62  is  inserted  and  lock  cap  86  30  been  selected.  The  computer  display  system  then  either 
is  attached  as  discussed  above  to  retain  the  ball  within  executes  the  menu  title  if  it  is  an  immediate  command, 
the  dome  portion  30.  or  displays  a  set  of  sub-command  items  for  user  selec- 
With  reference  to  FIGS.  12  and  13,  a  sample  quadra-  tion.  If  items  are  displayed,  the  user  continues  to  depress 
ture  output  of  the  cursor  control  unit  20  is  illustrated.  switch  cap  91,  and  once  again  moves  the  cursor  control 
As  previously  described,  photo^letectors  46  are  dis-  33  over  the  surface  until  the  displayed  cursor  lies  over  or 
posed  such  that  if  one  detector  is  fully  exposed  by  a  slot  in  proximity  with  the  item  to  be  executed.  The  user  then 
of  the  encoder  disc  54,  the  other  detector  is  only  par*  removes  pressure  from  the  switch  cap  91  thereby  deac- 
tially  exposed.  Thus,  in  addition  to  the  increments  of  tivating  switch  90,  and  indicating  to  the  computer 
motion  of  the  cursor  control  over  a  surface,  the  direc-  which  item  is  to  be  executed. 

tion  of  motion  may  also  be  determined.  Assume  for  sake  40  The  computer  system  then  determines  if  further  pa- 

of  example  that  the  cursor  control  20  is  moved.  As  rameters  are  required  to  be  specified  by  the  user.  If  no 

illustrate!  in  FIG.  13,  a  substantially  digital  output  sig-  further  data  is  required,  the  computer  executes  the  item 

nal  b  generated  by  each  photo-emitter/detector  combi-  indicated  by  the  cunor  position  on  the  display  screen, 

nation  associated  with  each  encoder  assembly.  In  the  However,  if  parameters  must  be  specified  by  the  user 

example  shown,  cursor  control  20  would  provide  a  43  prior  to  execution  a  "dialogue  box**  is  defined  on  the 

regularly  spaced  output  from  the  X  channel  detectors  if  display  system  which  displays  the  various  data  selec- 

tbe  control  20  is  moved  over  a  surface  at  a  constant  tions  which  are  required.  For  example,  a  user  may  be 

speed  along  the  X-axis.  Similarly,  if  there  is  Uttle  move-  required  to  select  page  formats,  specify  numerical  val- 

mcnt  of  the  control  unit  along  the  Y  axis,  little  change  ues.  etc.  In  the  present  embodiment,  a  user  inputs  the 

will  occur  on  the  Y  channels  inasmuch  as  the  Y  encoder  SO  deured  data  selections  by  positioning  the  cursor  over 

disk  is  not  being  rotated  significantly  (see  FIG.  13).  The  the  selection,  in  for  example  a  multiple  choice  format, 

computer  display  system  is  provided  with  appropriate  and  momentarily  activates  the  switch  90  on  the  cursor 

software  or  hardware,  for  example  edge  detectors,  to  control  unit  Once  the  required  selections  are  made,  the 

detect  signal  state  transitions.  Thus,  the  signals  from  computer  proceeds  to  execute  the  chosen  menu  item, 

each  pair  of  channels  may  be  decoded  such  that  the  X*Y  33  Accordingly,  it  is  possible  for  a  user  to  select  and 

direction  of  motion  may  be  determined  for  the  particu-  execute  a  variety  of  commands  without  the  necessity  of 

lar  order  of  transition  changes  from  each  channel  along  inputting  characters  on  a  keyboard,  as  is  commonly 

an  axis.  Inasmuch  as  the  particular  circuitry  and  soft-  required  in  the  art  Rather,  the  present  invention  per- 

ware  used  for  decoding  the  various  signals  and  position-  mits  fast  entry  and  execution  of  commands,  such  as  for 

ing  the  cursor  or  the  like  on  a  display  system  will  be  60  example  in  a  word  processing  system  or  the  like, 

apparent  to  one  skilled  in  the  art,  the  details  of  such  will  wherein  large  blocks  of  text  or  other  data  may  be  ma- 

not  be  recited  herein.  nipulated  or  operated  upon  simply  by  movement  of  the 

Referring  now  to  FIGS.  14  and  IS.  a  display  system  cursor  contnd  20  over  a  surface  and  the  appropriate 

and  method  for  use  in  conjunction  with  the  cursor  c<m-  depression  of  switch  90. 

trol  device  20  will  be  described.  As  previously  dis-  65  Thus,  an  improved  cursor  control  and  display  system 

cussed,  control  20  is  coupled  to  a  display  system  which  has  be»i  described.  The  present  invention  permits  a 

is  controlled  by  a  computer  or  other  equivalent  cir-  user  to  select  desired  menu  titles  on  a  menu  bar  by 

cuitry.  Appropriate  programming  of  the  computer  is  movement  ofa  cursor  control  over  a  surface.  Sub-com- 
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mind  items  m«y  be  specified  for  execution  by  the  com- 
puter control  display  system  in  the  same  manner,  such 
that  the  operator  need  not  enter  command  characten 
on  a  keyboard  or  the  like  in  order  to  access  and  execute 
most  system  functions. 

Although  the  present  invendon  has  been  described 
with  reference  to  FIGS.  1-15  and  with  emphasis  on  a 
"pan  down'*  type  display  system,  it  shouJd  be  under- 
stood that  the  figures  are  for  illustration  only  and 


8 


.K«..w    Jx^7u    — T-    •     ■       ".-«.-"^u  »uiy  "iu        a  iwiicn  coupiea  to  said  circuit  board  to 
ibould  not  be  taken  as  IimiUUons  upon  the  invenUon.  It  W  lected  X-Y  positions  on  said  dispUy  system. 


5.  The  device  as  defined  by  claim  4,  wherein  said 
photo-detector  is  disposed  within  a  detector  aperture, 
said  aperture  being  retained  on  said  unitary  frame  to 
form  an  integral  unit 

6.  The  device  as  defined  by  claim  5,  further  including 
a  circuit  board  disposed  between  said  frame  and  said 
base. 

7.  The  device  as  defined  by  claim  6,  further  including 
a  switch  coupled  to  said  circuit  board  to  specify  se- 


ts contemplated  that  many  changes  and  modifications 
may  be  made,  by  one  of  ordinary  skill  in  the  art,  to  the 
materials  and  arrangements  of  the  elements  of  the  in- 
vention without  department  from  the  spirit  and  scope  of 
the  invention  as  disclosed  above. 
What  is  claimed  is: 

1.  A  device  for  providing  signals  indicative  of  X-Y 
locations  on  a  display  system  or  the  hke,  comprising: 
a  housing  including  a  base  having  an  opening  for  the 

passage  of  a  routable  ball; 
a  unitary  frame  disposed  on  said  base  including: 
a  domed  portion  integrally  fonned  with  said  frame 
substantially  surrounding  and  retaining  said  n>- 
latableball; 
said  domed  portion  having  first  and  second  cut- 
outs through  said  dome  disposed  substantially  at 
90  degrees  with  respect  to  one  another,  and  a 
third  cut-out  disposed  at  an  angle  with  respect  to 
said  first  and  second  cut-outs; 
X-Y  position  indicating  means  passing  through  said 
first  and  second  cut-outs,  for  converting  the 
roution  of  said  ball  into  signals  indicative  of  X-Y 
positions  on  said  display  system; 
biasing  means  passing  through  said  third  cut-out,  „ 
for  biasing  said  ball  against  said  X-Y  position 
indicating  means; 
means  for  removing  said  ball  from  said  domed  por- 
tion through  said  opemng  in  said  base,  such  that 
said  ball  and  the  interior  or  said  dome  may  be  ser-  4^ 
viced,  said  means  for  removing  comprising: 
outwardly  extending  lock  ridges  integraUy  formed 

with  said  opening  in  said  base; 
a  lock  cap  having  a  second  opening  of  smaUcr 
diameter  then  said  base  opening  to  permit  only  a  45 
portion  of  said  baU  to  pass  therethrough  and 
contact  said  surface; 
said  lock  cap  further  including  outwardly  extend- 
ing lock  tabs  to  interleaf  with  said  lock  ridges. 


IS 


20 


25 


30 


S*^  ^^  '^**'^  °^^^  **P  mtcrlcafs  with  said  »  control  device  comprises 


8.  The  device  as  defined  by  claim  7,  said  device  being 
coupled  to  a  computer  controlled  display  system 
wherein  menu  commands  arc  displayed  and  selected  by 
a  user  through  movement  of  said  device. 

9.  A  computer  controlled  display  system  having  a 
display  wherein  a  plurality  of  coiamand  options  are 
displayed  along  a  menu  bar  and  sub<onmiand  items 
corresponding  to  each  option  are  displayed  once  said 
option  has  been  selected,  comprising: 

first  display  means  coupled  to  said  computer  for  gen- 
erating and  disphtying  said  menu  bar  comprising 
said  plurality  of  command  options; 
cursor  control  means  coupled  to  said  display  system 
fw-  selectively  positioning  a  cursor  on  said  display, 
said  cursor  control  means  mcluding  a  cursor  con- 
Uol  device  for  movement  over  a  surface,  the  move- 
ment of  said  cursor  control  device  over  said  sur- 
face by  a  user  resulting  in  a  corresponding  move- 
ment of  said  cursor  on  said  display; 
signal  generation  means  including  a  switch  having  a 
first  and  second  position  coupled  to  said  display 
system  for  signalling  said  computer  of  an  option 
choice  once  said  cursor  is  positioned  over  a  first 
predetermined  area  on  said  display  corresponding 
to  an  option  to  be  selected,  said  user  placing  said 
switch  in  said  second  position  while  moving  said 
cursor  control  device  over  said  surface  such  that 
said  cursor  is  over  said  first  predetermined  area; 
second  display  means  coupled  to  said  c<»nputer  for 
generating  and  displaying  said  subcommand  items 
corresponding  to  said  selected  option; 
said  switch  being  placed  in  said  fust  position  by  said 
user  once  said  user  has  positioned  said  cursor  over 
a  second  predetermined  area  corresponding  to  a 
sub-command  item  to  be  selected; 
whereby  an  option  and  a  subcommand  item  is  se- 
lected and  executed  by  said  computer. 
10.  The  display  system  of  claim  9  wherein  said  cursor 


Ubs  and  ridges  thereby  locking  said  cap  onto 

said  base; 

whereby  movement  of  said  device  over  a  surface 
such  that  a  portion  of  said  brJl  is  maintained  in 
contact  with  said  surface  results  in  X-Y  posiuons  53 
defined  on  said  display  system. 

2.  The  device  as  defined  by  claim  1,  wherein  said 
biasing  means  comprises  a  wheel  carried  by  a  shaf^  said 
shaft  being  biased  such  that  said  wheel  is  maintained  in 
contact  with  said  ball. 

3.  The  device  as  dcfioed  by  claim  2,  wherein  said 
third  cut-out  is  disposed  generally  at  45  degrees  with 
respect  to  said  first  and  second  cut-outs. 

4.  The  device  as  defined  by  claim  3.  wherein  said  X-Y 
poaition  indicating  means  includes  a  roUer  shaft  coupled  65 
to  an  encoder  disc  having  a  plurality  of  radially  dis- 
posed slots,  said  disc  being  disposed  between  a  photo- 
emitter  and  photo-detector. 


60 


a  housing  including  a  base  having  an  opening  for  the 

passage  of  a  rotatable  ball; 
a  unitary  frame  disposed  on  said  base  including; 
a  domed  portion  integrally  formed  with  said  frame 
substantially  surrounding  and  retaining  said  ro- 
taUble  ball; 
said  domed  portion  having  first  and  second  cut- 
outs through  said  dome  disposed  substantially  at 
90  degrees  with  respect  to  one  another,  and  a 
third  cut-out  disposed  at  an  angle  with  respect  to 
said  first  and  second  cut-outs; 
X-Y  position  indicating  means  passing  through  said 
first  and  second  cut-outs,  for  converting  the 
rotation  of  said  ball  into  sigjials  indicative  of  X-Y 
positions  on  said  display  system; 
biasing  means  passing  through  said  third  cut-out. 
for  biasing  said  ball  against  said  X-Y  position 
indicating  means; 
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means  for  removing  said  ball  from  said  domed  por- 
tion through  said  opening  in  said  base,  such  that 
said  ball  and  the  interior  of  said  dome  may  be  ser- 
viced, said  means  for  removing  said  ball  compris- 
ing: 

outwardly  extending  lock  ridgca  integrally  formed 

with  said  opening  in  said  base; 
a  lock  cap  having  a  second  opening  of  smaller 
diameter  then  said  base  opening  to  permit  only  a 
portion  of  said  ball  to  pass  therethrough  and 
coptact  said  surface; 
said  lock  cap  further  including  outwardly  extend- 
ing lock  tabs  to  mterleaf  with  said  lock  ridges, 
such  that  roution  of  said  cap  interie&fs  with  said 
tabs  and  ridges  thereby  locking  said  cap  onto 
said  ba«c; 
whereby  said  option  and  sub-command  item  may  be 
selected  by  movement  of  said  cursor  control  means 
over  a  surface  such  that  a  portion  of  said  ball  is  in 
contact  with  said  surface. 
11.  In  a  computer  controlled  display  system  having  a 
display  wherein  a  plurality  of  command  options  are 
displayed  along  a  menu  }mt  and  sub-command  items 
corresponding  to  each  option  are  displayed  once  said 
option  has  been  selected,  a  method  for  selecting  an  25 
option  and  an  item,  comprising  the  steps  of: 

(a)  generating  and  displaying  said  menu  bar  compris- 
ing said  plurahty  of  command  options; 

(b)  positioning  a  cursor  on  said  display  using  a  cursor 
control  device  for  movement  over  a  surface,  the  30 


10 


10 


IS 


20 


movement  of  said  cursor  control  device  over  said 
surface  by  a  user  resulting  in  a  corresponding 
movement  <^  said  cursor  on  said  display; 
(c)  signalling  said  computer  of  an  option  choice  once 
said  cursor  is  positioned  over  a  Hrst  predetermined 
area  on  said  display  corresponding  to  an  option  to 
be  selected,  said  user  signalbng  said  computer  by 
placing  a  switch  coupled  to  said  display  system  in  a 
second  position  while  moving  said  cursor  control 
device  over  said  surface  such  that  said  cursor  is 
over  said  first  predetermined  area; 

<d)  generating  and  displaying  said  sub-command 
items  corresponding  to  said  selected  option; 

(e)  positioning  said  cursor  over  a  second  predeter- 
mined area  corresponding  to  a  sub-command  item 
to  be  selected,  said  switch  being  maintained  in  said 
second  position  until  said  cursor  is  positioned  over 
said  second  predetermined  area; 

(0  placing  said  switch  in  a  first  position  once  said  user 
has  positioned  said  cursor  over  said  second  prede- 
termined area; 

whereby  an  option  and  an  item  associated  with  said 
option  is  selected. 

12.  The  method  as  defined  by  claim  11,  wherein  said 
switch  is  disposed  on  said  cursor  control  device. 

13.  The  method  as  defined  by  chum  12,  where  said 
computer  displays  said  sub-command  items  generally 
below  said  optiion  on  said  menu  bar. 
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[57] 


ABSTRACT 


A  cursor  control  device  having  particular  application  to 
a  computer  display  system  is  disclosed.  The  cursor 
control  includes  a  unitary  frame,  having  a  domed  por- 
tion substantially  surrounding  and  retaining  a  ball 
which  is  free  to  rotate.  X-Y  position  indicating  means 
are  provided,  such  that  rotation  of  the  ball  provides 
signals  indicative  of  X-Y  positions  on  the  display  sys- 
tem. The  ball  is  free  to  "float"  in  the  vertical  direction 
within  the  dome,  and  thereby  maintain  good  surface 
contact.  X-Y  positions  are  established  by  movement  of 
the  control  device  over  a  surface.  A  display  system  and 
method  is  disclosed  for  use  in  conjunction  with  the 
cursor  control  device,  which  permits  a  user  to  select 
command  options  simply  by  movement  of  the  displayed 
cursor  over  a  "pull-down"  menu  bar. 

4  Claims,  15  Drawing  Figures 
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DISPLAY  SYSTEM 

Maner  enclosed  in  heavy  brackets  [  ]  appears  in  the 
origiiuU  patent  but  forms  no  part  of  this  reissue  specifica- 
tion; matter  printed  in  italics  indicates  the  additions  made 
by  reissue. 

This  application  is  a  divisional  reissue  of  application  Ser. 
No.  06/399704,  filed  Jul  19,  1982,  now  U.S.  Pat  No. 
4,464,652. 

BACKGROUND  OF  THE  INVENTION 

1.  Field 

The  present  invention  relates  to  the  field  of  display 
systems,  and  more  particularly  to  devices  which  can 
position  a  cursor  over  selected  locations  on  a  computer 
controlled  display. 

2.  Art  Background 

In  many  computer  controlled  display  systems,  it  is 
desirable  to  allow  the  user  to  control  the  position  of  a 
cursor  or  the  like  by  means  which  are  external  from  the 
main  computer  keyboard.  For  example,  a  user  may  be 
required  to  repetitively  choose  software  options  dis- 
played on  a  cathode  ray  tube  (CRT),  or  may  desire  to 
input  data  in  a  diagram  format  into  the  computer  sys- 
tem. In  such  situations  traditional  keyboard  input  sys- 
tems are  not  as  effective  as  a  cursor  control  device 
commonly  referred  to  as  a  "mouse". 

In  a  typical  "mouse"  system,  a  iiand-held  transducer 
provides  positional  movement  signals  to  the  display 
system.  Traditionally,  the  movement  of  wheels  within 
the  cursor  control  device  are  coupled  to  potentiometers 
to  provide  signals  indicative  of  an  X-Y  position  on  the 
display  screen  (see  U.S.  Pat.  Nos.  3,541,541;  3,269,19Ch 
and  3,835,464).  Other  mouse  systems  utilize  rotating 
balls  on  wheels  which  are  in  turn  coupled  to  rotate 
apertures  interrupting  beams  of  light,  thereby  providing 
positional  signals  to  the  display  system  (see  U.S.  Pat. 
Nos.  3,892,963  and  3,541,521). 

One  common  disadvantage  of  cursor  control  devices 
found  in  the  prior  art  is  their  cost.  Typically,  prior  art 
cursor  controls  include  costly  mechanical  parts  which 
require  precise  alignment  for  proper  operation.  More- 
over, it  is  not  uncommon  for  these  devices  to  exhibit  a 
loss  in  accuracy  over  time  as  the  mechanism  wears.  As 
computer  display  capabilities  have  become  more  ad- 
vanced in  terms  of  user  real-time  graphic  interaction, 
cursor  control  devices  have  become  a  necessity  in  many 
computer  systems.  Accordingly,  there  exists  a  need  to 
provide  a  cost  effective,  simple  and  highly  reliable  cur- 
sor control  device  for  providing  signals  indicative  of 
X-Y  positions  on  a  computer  display  system. 

As  will  be  disclosed  below,  the  present  invention 
provides  an  improved  cursor  control  device  which 
overcomes  the  disadvantages  of  the  prior  art  by  utiliz- 
ing a  unitary  frame  structure  for  accurate  alignment  of 
all  elements  and  simple  assembly,  as  well  as  photo- 
optics  to  provide  the  required  positional  signals.  In 
addition,  a  display  system  and  method  is  disclosed  for 
use  in  association  with  the  cursor  control  device  which 
permits  a  user  to  select  command  options  simply  by 
movement  of  the  cursor  over  a  "pull-down"  menu  bar. 

SUMMARY  OF  THE  INVENTION 

A  cursor  control  device  having  particular  application 
to  computer  display  systems  is  disclosed.  The  cursor 
control  includes  a  unitary  frame  having  a  domed  por- 


tion which  houses  a  ball  which  is  free  to  rotate.  Two 
encoder  disc  assemblies  are  provided,  which  include 
roller  shafts  disposed  substantially  90  degrees  relative  to 
one  another  and  in  contact  with  the  ball.  Each  roller 
5  shaft  is  coupled  to  an  encoder  disc  having  a  plurality  of 
slots  disposed  radially  around  the  disc  periphery.  These 
slots  interrupt  light  beams  which  are  provided  by 
photo-emitters  and  directed  at  photo-detectors.  Each 
slotted  disc  interrupts  two  light  beams  which  are  ar- 

^^  ranged  such  that  when  one  beam  is  fully  transmitted, 
the  other  is  partially  blocked.  Beam  interruptions  pro- 
duce signal  pulses  representing  increments  of  motion, 
while  the  order  in  which  the  light  beams  are  interrupted 
indicates  the  direction  of  motion,  thereby  resulting  in  an 
X-Y  position  on  a  display  system.  The  ball  is  maintained 
in  contact  with  the  roller  shafts  by  a  spring  biased  idler 
wheel.  The  ball  is  free  to  "float"  in  the  vertical  direction 
within  the  dome,  and  thereby  maintain  good  surface 

2Q  contact.  Moreover,  the  ball  may  be  easily  removed  for 
cleaning  to  insure  that  any  build  up  of  lint  or  the  like 
does  not  prevent  the  ball  from  rotating  smoothly.  A 
switch  is  provided  within  the  cursor  control  housing  in 
order  to  signal  the  display  system  that  a  desired  X-Y 

25  location  on  the  display  screen  has  been  selected.  In 
operation,  a  user  may  selectively  position  a  cursor  or 
the  like  on  a  display  system  by  simply  moving  the  cur- 
sor control  device  over  a  surface,  such  as  a  desk,  until 
the  desired  cursor  position  is  shown  on  the  display 

30  device.  A  display  system  and  method  is  disclosed  for 
use  in  conjunction  with  the  cursor  control  device, 
which  permits  user  to  select  command  options  simply 
by  movement  of  the  displayed  cursor  over  a  "menu 
bar". 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  perspective  view  of  the  present  invention. 

FIG.  2  is  a  perspective  of  the  present  invention  illus- 
trating the  cursor  control  device  as  it  appears  without 
^  the  housing  cover. 

FIG.  3  is  a  perspective  view  of  the  unitary  frame  of 
the  present  invention  coupled  to  the  printed  circuit 
board  base,  illustrating  the  placement  of  photo-detec- 
tors and  the  coupling  connector. 
*^  FIG.  4  is  a  further  perspective  view  of  the  unitary 
frame  and  circuit  boad  of  FIG.  3  illustrating  the  position 
of  a  roller  shaft  and  encoder  wheel. 

FIG.  5  is  a  top  view  of  the  unitary  frame  and  printed 
circuit  board  of  the  present  invention. 

FIG.  6  is  a  partial  view  of  the  unitary  frame  in  FIG. 
3,  illustrating  the  insertion  of  a  detector  aperture. 

FIG.  7  is  a  perspective  view  of  the  unitary  frame  of 
FIG.  3,  illustrating  the  placement  of  resistors  on  the 
^j  printed  circuit  board. 

FIG.  8  is  a  perspective  view  of  the  coupling  of  the 
unitary  frame  cage  and  printed  circuit  board  combina- 
tion to  the  housing  base  of  the  present  invention. 

FIG.  9  is  a  perspective  view  illustrating  the  place- 
^  ment  of  the  control  switch  within  the  housing  base. 

FIG.  10  is  the  perspective  view  of  the  final  assembly 
of  the  present  invention  illustrating  the  coupling  of  the 
cover  and  base  portions  of  the  housing. 

FIG.  11  is  a  perspective  view  illustrating  the  insertion 
65  or  removal  of  the  floating  and  rotating  ball. 

FIG.  12  is  a  diagrammatical  illustration  of  the  align- 
ment of  the  photo-emitters  in  relation  to  each  encoder 
disc. 
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FIG.  13  is  a  diagrammatical  illustration  of  a  sample 
quadrature  output  of  the  present  invention  indicative  of 
X-Y  locations  on  display  system. 

FIG.  14  is  a  diagrammatical  illustration  of  a  "pull 
down"  menu  bar  display. 

FIG.  15  is  a  block  diagram  illustrating  the  sequence 
of  steps  utilized  by  the  present  invention  to  display 
options  and  associated  commands  on  a  "pull-down" 
menu  bar  display. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

A  cursor  control  device  having  particular  application 
for  use  in  conjunction  with  a  computer  display  system  is 
disclosed.  In  the  following  description  for  purposes  of 
explanation,  specific  numbers,  materials  and  configura- 
tions are  set  forth  in  order  to  provide  a  thorough  under- 
standing of  the  present  invention.  However,  it  will  be 
apparent  to  one  skilled  in  the  art  that  the  present  inven- 
tion may  be  practiced  without  the  specific  details.  In 
other  instances,  well  known  systems  are  shown  in  dia- 
grammatical or  block  diagram  form  in  order  not  to 
obscure  the  present  invention  unnecessarily. 

Referring  now  to  FIG.  1,  the  present  invention  in- 
cludes a  hand  held  cursor  control  unit  20  which  is  cou- 
pled to  a  plug  22  by  means  of  a  cable  24.  As  best  illus- 
trated in  FIG.  2,  cursor  control  unit  20  includes  a  cover 
25  and  a  base  26  upon  which  the  internal  workings  of 
the  present  invention  are  disposed.  As  will  be  apparent 
from  the  discussion  which  follows,  cursor  control  unit 
20  is  designed  with  ease  of  assembly  in  mind,  while 
providing  very  close  tolerances  and  high  X-Y  position 
location  accuracy. 

With  reference  to  FIGS.  3,  4  and  5,  a  premolded 
unitary  frame  28  is  provided  which  includes  a  domed 
housing  30  presently  having  three  cut-out  locations  31, 
32  and  33.  As  illustrated,  cut-outs  31  and  32  are  disposed 
substantially  at  90  degrees  with  respect  to  one  another, 
with  cut-out  33  being  oriented  generally  symmetrically 
opposite  the  other  cut-outs.  In  addition,  frame  28  in- 
cludes a  plurality  of  bosses,  slots  and  shaped  stems  of 
material  which  when  pertinent  will  be  discussed  in  this 
specification.  In  the  presently  preferred  embodiment, 
the  frame  28  is  comprised  of  a  plastic  material  (e.g. 
polycarbonate)  which  is  impregnated  with  a  lubricant 
(e.g.  teflon).  Thus,  during  operation  and  throughout  its 
useful  life,  cursor  control  unit  20  does  not  require  the 
addition  of  either  wet  or  dry  lubricants.  Frame  28  is 
mounted  on  a  printed  circuit  board  34  to  facilitate  elec- 
trical connection  between  the  various  electrical  ele- 
ments within  the  unit.  Electrical  connector  header  36  is 
mounted  as  shown  (see  FIG.  3)  to  the  unitary  frame  28 
such  that  connector  pins  38  pass  through  a  rectangular 
slot  39  through  the  frame  to  the  circuit  board  below.  As 
will  be  discussed,  cable  24  is  electrically  coupled  to  the 
cursor  control  unit  20  through  connector  36. 

As  illustrated  in  FIG.  3,  photo-emitters  40  are  in- 
serted into  slots  42  such  that  the  emitter  portion  is  fac- 
ing away  from  the  dome  30  (note  that  one  emitter  40  is 
shown  in  FIG.  3  partially  inserted).  Upwardly  extend- 
ing clips  43  are  snapped  over  portions  of  each  emitter 
40,  as  shown,  to  prevent  them  from  being  dislodged. 
Similarly,  two  photo-detectors  46  are  inserted  facing 
the  emitters  40  into  slots  47  in  each  of  two  detector 
apertures  50.  As  shown  in  FIG.  6,  an  outwardly  extend- 
ing portion  48  of  each  detector  aperture  50  is  aligned 
with  guides  49  formed  integrally  with  the  frame  28,  and 
the  aperture  is  then  snapped  downward  into  place. 


Thus,  each  detector  aperture  50  houses  two  detectors 
46  which  face  two  emitters  40,  respectively.  In  the 
presently  preferred  embodiment,  the  emitter/detector 
combination  operates  within  the  infrared  region.  How- 
5  ever,  it  will  be  appreciated  that  any  suitable  wavelength 
may  be  used  in  a  particular  application.  In  addition, 
presently,  the  detectors  46  incorporate  integral  Schmitt 
triggers  to  provide  detector  outputs  which  more  closely 
approximate  a  digital  signal. 

10  Two  encoder  disc  assemblies  are  provided  to  con- 
vert, as  will  be  described,  the  movement  of  the  cursor 
control  unit  20  into  signals  indicative  of  X-Y  locations 
defined  on  the  display  system.  Each  encoder  assembly 
52  includes  an  encoder  disc  54  axially  coupled  to  a 

13  roller  shaft  56.  In  addition,  each  encoder  disc  54  is  pro- 
vided with  a  plurality  of  radially  disposed  slots  57 
which  interrupt  the  Ught  beams  generated  by  the  photo- 
emitters  40.  A  cylindrical  contact  member  58  surrounds 
each  roller  shaft  56  at  each  respective  cut  out  location, 

20  as  illustrated.  Each  encoder  disc  assembly  52  is 
mounted  on  the  imitary  frame  28  by  inserting  the  en- 
coder disc  54  between  the  detector  aperture  50  and 
emitters  40  and  snapping  an  end  clip  60  over  the  oppo- 
site end  of  the  roller  shaft  56  (see  FIGS.  4,  5  and  7). 

25  thereby  allowing  rotation  of  the  roller  shaft  and  en- 
coder disc  with  a  minimimi  of  friction.  As  illustrated, 
each  shaft  56  is  slipped  into  and  carried  by  a  "U"  shaped 
guide  59  formed  from  upwardly  extending  aUgnment 
bosses  53  to  maintain  each  roller  shaft  56  in  proper 

30  orientation.  End  51  of  the  shaft  56  is  carried  for  rotation 
within  a  hollow  portion  of  the  detector  aperture  50, 
such  that  encoder  disk  54  is  disposed  in  close  proximity 
to  the  aperture  50.  The  present  invention*s  use  of  inte- 
gral lubrication  within  the  frame  material,  permits  each 

35  shaft  56  to  freely  rotate  about  its  longitudinal  axis. 

As  a  result  of  the  above  described  configuration,  the 
radially  disposed  slots  57  of  each  encoder  disc  interrupt 
two  light  beams  from  photo-emitters  40.  The  position  of 
the  emitter/detector  combination  and  encoder  disc  is 

40  such  that  when  one  beam  is  fully  transmitted,  the  other 
is  partially  blocked  by  a  slit  on  the  encoder  disc.  As  will 
be  discussed,  in  operation  a  ball  62  is  disposed  within 
the  dome  30  of  the  frame,  and  retained  such  that  it  is 
maintained  in  contact  with  both  cylindrical  contact 

45  members  58.  The  rotation  of  the  ball  62  within  the  dome 
30  in  turn  causes  the  rotation  of  each  roller  shaft  56  and 
its  respective  encoder  disc.  As  will  be  discussed,  the 
beam  interruptions  from  the  rotation  of  each  encoder 
disc  54  produce  signal  pulses  representing  mcrements  of 

50  motion,  while  the  order  in  which  the  light  beams  are 
interrupted  indicates  the  direction  of  motion  of  the 
cursor  control  unit. 

Ball  62  is  retained  against  the  cylindrical  contact 
members  58  by  an  idler  wheel  for  rotation  on  a  fixed 

55  shaft  66,  as  best  shown  in  FIG.  5.  The  idler  wheel  64 
and  shaft  66  are  inserted  within  a  slot  68  formed  by 
rectangular  bosses  69  and  70  extending  upwardly  from 
the  frame's  base.  Wheel  64  extends  through  cut-out  33 
into  the  interior  of  the  dome  30.  The  legs  of  a  staple 

60  shaped  idler  spring  72  are  inserted  through  passages  73 
passing  perpendicular  to  the  horizontal  plane  of  the 
frame  28  and  circuit  board  34,  thereby  retaining  the 
shaft  66  within  the  slot  68. 

Referring  now  to  FIG.  7,  resistors  76,  which  are 

65  required  by  the  specific  electronics  of  the  emitter/de- 
tector combination  of  the  present  invention,  are  inserted 
into  the  printed  circuit  board  34.  The  resistors  76  and 
associated  leads  from  the  connector  36.  photo-emitters 
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40,  and  photo-detectors  46  are  then  electrically  con- 
nected and  soldered  in  place  as  is  conventionally  done 
in  the  art. 

With  reference  now  to  FIGS.  8,  9  and  10,  the  assem- 
bled frame  28  and  circuit  assembly  is  mounted  on  the 
base  26  by  means  of  a  screw  78.  As  illustrated,  base  26 
includes  an  upwardly  extending  switch  retaining  por- 
tion 80  and  a  generally  circular  cut-out  orifice  82.  As 
best  shown  in  FIGS.  8,  10  and  11,  circular  orifice  82  is 
disposed  substantially  below  the  opening  of  dome  30, 
and  includes  outwardly  extending  locking  ridges  84 
which  are  designed  to  accommodate  a  lock  cap  86  (See 
FIG.  11),  such  that  ball  62  may  be  retained  within  the 
dome  30.  Lock  cap  86  includes  outwardly  extending 
tabs  88  arranged  to  interleaf  with  ridges  84.  In  opera- 
tion, a  user  desiring  to  insert  or  remove  ball  62  from  the 
cursor  control  unit  20,  may  unlock  and  remove  the  lock 
cap  86  from  the  orifice  82  by  simply  rotating  the  cap 
such  that  the  tabs  88  and  ridges  84  no  longer  interleaf. 

As  illustrated,  lock  cap  86  generally  has  a  toroidal 
form  having  a  central  orifice  87  of  smaller  diameter  than 
cutout  orifice  82.  It  will  be  apparent,  that  once  ball  62  is 
inserted  and  retained  by  lock  cap  86.  Thus,  ball  62 
contacts  the  surface  below  the  cursor  control  unit  20 
and  rotates  in  response  to  the  movement  of  the  unit  on 
the  surface. 

As  shown  in  FIG.  9,  cable  24  is  coupled  to  cursor 
control  20  through  a  female  connector  94  which  is 
inserted  over  pins  38.  A  switch  90  is  coupled  to  the 
cable  24  through  electrical  connector  36,  and  is  inserted 
within  the  retaining  portion  80.  A  switch  cap  91  forms 
part  of  the  cover  25  (see  FIG.  1),  and  is  disposed  above 
switch  90  such  that  the  depression  of  the  switch  cap  91 
forces  switch  90  to  electrically  close,  and  thereby  signal 
the  computer  display  system  that  an  appropriate  X-Y 
location  has  been  selected.  As  shown  in  FIG.  10,  base 
26  and  cover  25  are  coupled  by  securing  both  sections 
to  one  another  using  screws  92.  Once  the  cover  and 
base  have  been  joined,  ball  62  is  inserted  and  lock  cap  86 
is  attached  as  discussed  above  to  retain  the  ball  within 
the  dome  portion  30. 

With  reference  to  FIGS.  12  and  13,  a  sample  quadra- 
ture output  of  the  cursor  control  unit  20  is  illustrated. 
As  previously  described,  photo-detectors  46  are  dis- 
posed such  that  if  one  detector  is  fully  exposed  by  a  slot 
of  the  encoder  disc  54,  the  other  detector  is  only  par- 
tially exposed.  Thus,  in  addition  to  the  increments  of 
motion  of  the  cursor  control  over  a  surface,  the  direc- 
tion of  motion  may  also  be  determined.  Assume  for  sake 
of  example  that  the  cursor  control  20  is  moved.  As 
illustrated  in  FIG.  13,  a  substantially  digital  output  sig- 
nal is  generated  by  each  photo-emitter/detector  combi- 
nation associated  with  each  encoder  assembly.  In  the 
example  shown,  cursor  control  20  would  provide  a 
regularly  spaced  output  from  the  X  channel  detectors  if 
the  control  20  is  moved  over  a  surface  at  a  constant 
speed  along  the  X-axis.  Similarly,  if  there  is  little  move- 
ment of  the  control  unit  along  the  Y  axis,  little  change 
will  occur  on  the  Y  channels  inasmuch  as  the  Y  encoder 
disk  is  not  being  rotated  significantly  (see  FIG.  13).  The 
computer  display  system  is  provided  with  appropriate 
software  or  hardware,  for  example  edge  detectors,  to 
detect  signal  state  transitions.  Thus,  the  signals  from 
each  pair  of  channels  may  be  decoded  such  that  the  X-Y 
direction  of  motion  may  be  determined  for  the  particu- 
lar order  of  transition  changes  from  each  channel  along 
an  axis.  Inasmuch  as  the  particular  circiutry  and  soft- 
ware used  for  decoding  the  various  signals  and  position- 


ing the  cursor  or  the  like  on  a  display  system  will  be 
apparent  to  one  skilled  in  the  art,  the  details  of  such  will 
not  be  recited  herein. 

Referring  now  to  FIGS.  14  and  15,  a  display  system 

5  and  method  for  use  in  conjunction  with  the  cursor  con- 
trol device  20  will  be  described.  As  previously  dis- 
cussed, control  20  is  coupled  to  a  display  system  which 
is  controlled  by  a  computer  or  other  equivalent  cir- 
cuitry. Appropriate  programming  of  the  computer  is 

10  provided  such  that  a  "menu"  bar  100  comprising  a  vari- 
ety of  command  options  indicated  by  titles  (for  example, 
Ti,  Tz,  Ti. . .  Tm),  is  displayed  across  the  CRT  screen  or 
the  like  as  shown  in  FIG.  14.  If  a  particular  title  (for 
example  Ti)  is  selected,  one  or  more  sub-command 

15  items  104  are  displayed  by  the  computer  system  below 
the  primary  menu  title.  As  illustrated,  the  sub-command 
items  appear  to  the  user  to  be  "pulled  down"  from  the 
main  menu  bar  100.  The  user  then  selects  a  desired  item 
for  execution  by  the  computer  by  appropriate  move- 

20  ment  of  a  cursor  control,  as  will  be  described.  Although 
the  list  of  items  104  are  shown  for  illustration  below 
menu  title  options  Ti,  T2,  and  T3,  in  the  present  embodi- 
ment only  one  menu  option  may  be  pulled  down  and 
displayed  at  a  time. 

25  The  sequence  of  operations  executed  by  the  com- 
puter system  to  permit  the  user  to  select  a  particular 
menu  title  and  sub-command  item  is  shown  in  FIG.  15. 
The  computer  initially  displays  menu  bar  100  on  the 
display  system  as  shown  in  FIG.  14.  A  user  desiring  to 

30  select  a  particular  title  moves  cursor  control  unit  20 
over  a  surface,  thereby  rotating  ball  62  within  dome  30 
and  sending  signals  indicative  of  X-Y  locations  to  the 
display  system  for  corresponding  movement  of  a  cursor 
or  the  like  on  the  display  screen.  Once  the  cursor  is 

35  positioned  over  (or  in  proximity  with)  the  chosen  menu 
title  selection,  the  user  depresses  switch  cap  91  on  cur- 
sor control  20,  thereby  activating  switch  90,  and  signal- 
ing the  computer  system  that  the  particular  title  has 
been  selected.  The  computer  display  system  then  either 

40  executes  the  menu  title  if  it  is  an  immediate  command, 
or  displays  a  set  of  sub-command  items  for  user  selec- 
tion. If  items  are  displayed,  the  user  continues  to  depress 
switch  cap  91,  and  once  again  moves  the  cursor  control 
over  the  surface  until  the  displayed  cursor  lies  over  or 

45  in  proximity  with  the  item  to  be  executed.  The  user  then 
removes  pressure  from  the  switch  cap  91  thereby  deac- 
tivating switch  90,  and  indicating  to  the  computer 
which  item  is  to  be  executed. 
The  computer  system  then  determines  if  further  pa- 

50  rameters  are  required  to  be  specified  by  the  user.  If  no 
further  data  is  required,  the  computer  executes  the  item 
indicated  by  the  cursor  position  on  the  display  screen. 
However,  if  parameters  must  be  specified  by  the  user 
prior  to  execution  a  '^dialogue  box"  is  defined  on  the 

55  display  system  which  displays  the  various  data  selec- 
tions which  are  required.  For  example,  a  user  may  be 
required  to  select  page  formats,  specify  numerical  val- 
ues, etc.  In  the  present  embodiment,  a  user  inputs  the 
desired  data  selections  by  positioning  the  cursor  over 

60  the  selection,  in  for  example  a  multiple  choice  format, 

and  momentarily  activates  the  switch  90  on  the  cursor 

control  unit.  Once  the  required  selections  are  made,  the 

computer  proceeds  to  execute  the  chosen  menu  item. 

Accordingly,  it  is  possible  for  a  user  to  select  and 

65  execute  a  variety  of  commands  without  the  necessity  of 
inputting  characters  on  a  keyboard,  as  is  commonly 
required  in  the  art.  Rather,  the  present  invention  per- 
mits fast  entry  and  execution  of  commands,  such  as  for 


"APPLE_PAT_4_464_652_A_12"  344  KB  2000-02-23  dpi:  300h  x  300v  pix:  1892h  x  2903v 


David  T  Craig    •    21  February  2004 


I  Page  0239  of  0515 


Apple  Computer  Selected  Patents 


Re.  32,632 


8 


example  in  a  word  processing  system  or  the  Iike» 
wherein  large  blocks  of  text  or  other  data  may  be  ma- 
nipulated or  operated  upon  simply  by  movement  of  the 
cursor  control  20  over  a  surface  and  the  appropriate 
depression  of  switch  90. 

Thus,  an  improved  cursor  control  and  display  system 
has  been  described.  The  present  invention  permits  a 
user  to  select  desired  menu  titles  on  a  menu  bar  by 
movement  of  a  cursor  control  over  a  surface.  Sub-com- 
mand items  may  be  specified  for  execution  by  the  com- 
puter control  display  system  in  the  same  manner,  such 
that  the  operator  need  not  enter  command  characters 
on  a  keyboard  or  the  like  in  order  to  access  and  execute 
most  system  functions. 

Although  the  present  invention  has  been  described 
with  reference  to  FIGS.  1-15  and  with  emphasis  on  a 
"pull  down"  type  display  system,  it  should  be  under- 
stood that  the  figures  are  for  illustration  only  and 
should  not  be  taken  as  limitations  upon  the  invention.  It 
is  contemplated  that  many  changes  and  modifications 
may  be  made,  by  one  of  ordinary  skill  in  the  art,  to  the 
materials  and  arrangements  of  the  elements  of  the  in- 
vention without  department  from  the  spirit  and  scope  of 
the  invention  as  disclosed  above. 
What  is  claimed  is: 

[1.  A  device  for  providing  signals  indicative  of  X-Y 
locations  on  a  display  system  or  the  like,  comprising: 
a  housing  including  a  base  having  an  opening  for  the 

passage  of  a  rotatable  ball; 
a  unitary  frame  disposed  on  said  base  including: 
a  domed  portion  integrally  formed  with  said  frame 
substantially  surrounding  and  retaining  said  ro- 
tatable ball; 
said  domed  portion  having  first  and  second  cut- 
outs through  said  dome  disposed  substantially  at 
90  degrees  with  respect  to  one  another,  and  a 
third  cut-out  disposed  at  an  angle  with  respect  to 
said  first  and  second  cut-outs; 
X-Y  position  indicating  means  passing  through  said 
first  and  second  cut-outs,  for  converting  the 
rotation  of  said  ball  into  signals  indicative  of  X-Y 
positions  on  said  display  system; 
biasing  means  passing  through  said  third  cut-out, 
for  biasing  said  ball  against  said  X-Y  position 
indicating  means; 
means  for  removing  said  ball  from  said  domed  por- 
tion through  said  opening  in  said  base,  such  that 
said  ball  and  the  interior  or  said  dome  may  be  ser- 
viced, said  means  for  removing  comprising: 
outwardly  extending  lock  ridges  integrally  formed 

with  said  opening  in  said  base; 
a  lock  cap  having  a  second  opening  of  smaller 
diameter  then  said  base  opening  to  permit  only  a 
portion  of  said  ball  to  pass  therethrough  and 
contact  said  surface; 
said  lock  cap  further  including  outwardly  extend- 
ing lock  tabs  to  interleaf  with  said  lock  ridges, 
such  that  rotation  of  said  cap  interleafs  with  said 
tabs  and  ridges  thereby  locking  said  cap  onto 
said  base; 
whereby  movement  of  said  device  over  a  surface 
such  that  a  portion  of  said  ball  is  maintained  in 
contact  with  said  surface  results  in  X-Y  positions 
defined  on  said  display  system.] 
[2.  The  device  as  defined  by  claim  1,  wherein  said 
biasing  means  comprises  a  wheel  carried  by  a  shaft,  said 
shaft  being  biased  such  that  said  wheel  is  maintained  in 
contact  with  said  ball.] 


[3.  The  device  as  defined  by  claim  2,  wherein  said 
third  cut-out  is  disposed  generally  at  45  degrees  with 
respect  to  said  first  and  second  cut-outs.] 

[4.  The  device  as  defined  by  claim  3,  wherein  said 

5    X-Y  position  indicating  means  includes  a  roller  shaft 

coupled  to  an  encoder  disc  having  a  plurality  of  radially 

disposed  slots,   said  disc  being  disposed  between   a 

photo-emitter  and  photo-detector.] 

[5.  The  device  as  defmed  by  claim  4,  wherein  said 
10  photo-detector  is  diposed  within  a  detector  aperture, 
said  aperture  being  retained  on  said  unitary  frame  to 
form  an  integral  imit.] 

[6.  The  device  as  defined  by  claim  5,  further  includ- 
ing a  circuit  board  disposed  between  said  frame  and  said 
15  base.] 

[7.  The  device  as  defined  by  claim  6,  further  includ- 
ing a  switch  coupled  to  said  circuit  board  to  specify 
selected  X-Y  positions  on  said  display  system.] 

[8,  The  device  as  defined  by  claim  7,  said  device 
20  being  coupled  to  a  computer  controlled  display  system 
wherein  menu  commands  are  displayed  and  selected  by 
a  user  through  movement  of  said  device.] 

9.  A  computer  controlled  display  system  having  a 

display  wherein  a  plurality  of  command  options  are 

25  displayed  along  a  menu  bar  and  sub-command  items 

corresponding  to  each  option  are  displayed  once  said 

option  has  been  selected,  comprising: 

first  display  means  coupled  to  said  computer  for  gen- 
erating and  displaying  said  menu  bar  comprising 
30  said  plurality  of  command  options; 

cursor  control  means  coupled  to  said  display  system 
for  selectively  positioning  a  cursor  on  said  display, 
said  cursor  control  means  including  a  cursor  con- 
trol device  for  movement  over  a  surface,  the  move- 
35  ment  of  said  cursor  control  device  over  said  sur- 

face by  a  user  resulting  in  a  corresponding  move- 
ment of  said  cursor  on  said  display; 
signal  generation  means  including  a  switch  having  a 
first  and  second  position  coupled  to  said  display 
40  system  for  signalling  said  computer  of  an  option 

choice  once  said  cursor  is  positioned  over  a  first 
predetermined  area  on  said  display  corresponding 
to  an  option  to  be  selected^  said  user  placing  said 
switch  in  said  second  position  while  moving  said 
45  cursor  control  device  over  said  surface  such  that 

said  cursor  is  over  said  first  predetermined  area; 
second  display  means  coupled  to  said  computer  for 
generating  and  displaying  said  sub-command  items 
corresponding  to  said  selected  option; 
50       said  switch  being  placed  in  said  first  position  by  said 
user  once  said  user  has  positioned  said  cursor  over 
a  second  predetermined  area  corresponding  to  a 
sub-command  item  to  be  selected; 
whereby  an  option  and  a  sub-command  item  is  se- 
55  lected  and  executed  by  said  computer. 

[10.  The  display  system  of  claim  9  wherein  said 
cursor  control  device  comprises: 
a  housing  including  a  base  having  an  opening  for  the 
passage  of  a  rotatable  ball; 
60       a  unitary  frame  disposed  on  said  base  including: 

a  domed  portion  integrally  formed  with  said  frame 
substantially  surrounding  and  retaining  said  ro- 
tatable bail; 
said  domed  portion  having  first  and  second  cut- 
65  outs  through  said  dome  disposed  substantially  at 

90  degrees  with  respect  to  one  another,  and  a 
third  cut-out  disposed  at  an  angle  with  respect  to 
said  first  and  second  cut-outs; 
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X-Y  position  indicating  means  passing  through  said 
first  and  second  cut-outs,  for  converting  the 
rotation  of  said  ball  into  signals  indicative  of  X-Y 
positions  on  said  display  system; 
biasing  means  passing  through  said  third  cut-out, 
for  biasing  said  ball  against  said  X-Y  position 
indicating  means; 
means  for  removing  said  ball  from  said  domed  por- 
tion through  said  opening  in  said  base,  such  that 
said  ball  and  the  interior  of  said  dome  may  be  ser- 
viced, said  means  for  removing  said  ball  compris- 
ing: 
outwardly  extending  lock  ridges  integrally  formed 

with  said  opening  in  said  base; 
a  lock  cap  having  a  second  opening  of  smaller 
diameter  then  said  base  opening  to  permit  only  a 
portion  of  said  ball  to  pass  therethrough  and 
contact  said  surface; 
said  lock  cap  further  including  outwardly  extend- 
ing lock  tabs  to  interleaf  with  said  lock  ridges, 
such  that  rotation  of  said  cap  interleafs  with  said 
tabs  and  ridges  thereby  locking  said  cap  onto 
said  base; 
whereby  said  option  and  sub-command  item  may  be 
selected  by  movement  of  said  cursor  control  means 
over  a  surface  such  that  a  portion  of  said  ball  is  in 
contact  with  said  surface.] 
11.  In  a  computer  controlled  display  system  having  a 
display  wherein  a  plurality  of  command  options  are 
displayed  along  a  menu  bar  and  sub-command  items 
corresponding  to  each  option  are  displayed  once  said 
option  has  been  selected,  a  method  for  selecting  an 
option  and  an  item,  comprising  the  steps  of: 


10 


15 


20 


25 


30 


(a)  generating  and  displaying  said  menu  bar  compris- 
ing said  plurality  of  command  options; 

(b)  positioning  a  cursor  on  said  display  using  a  cursor 
control  device  for  movement  over  a  surface,  the 
movement  of  said  cursor  control  device  over  said 
surface  by  a  user  resulting  in  a  corresponding 
movement  of  said  cursor  on  said  display; 

(c)  signalling  said  computer  of  an  option  choice  once 
said  cursor  is  positioned  over  a  fct  predetermined 
area  on  said  display  corresponding  to  an  option  to 
be  selected,  said  user  signalling  said  computer  by 
placing  a  switch  coupled  to  said  display  system  in  a 
second  position  while  moving  said  cursor  control 
device  over  said  surface  such  that  said  cursor  is 
over  said  first  predetermined  area; 

(d)  generating  and  displaying  said  sub-command 
items  corresponding  to  said  selected  option; 

(e)  p>ositioning  said  cursor  over  a  second  predeter- 
mined area  corresponding  to  a  sub-command  item 
to  be  selected,  said  switch  being  maintained  in  said 
second  position  until  said  cursor  is  positioned  over 
said  second  predetermined  area; 

(0  placing  said  switch  in  a  first  position  once  said  user 
has  positioned  said  cursor  over  said  second  prede- 
termined area; 

whereby  an  option  and  an  item  associated  with  said 
option  is  selected. 

12.  The  method  as  defined  by  claim  11,  wherein  said 
switch  is  disposed  on  said  cursor  control  device. 

13.  The  method  as  defined  by  claim  12,  where  said 
computer  displays  said  sub-command  items  generally 
below  said  optiion  on  said  menu  bar. 
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[57]  ABSTRACT 

A  cursor  control  device  having  particular  application  to 
a  computer  display  system  is  disclosed.  The  cursor 
control  includes  a  unitary  frame,  having  a  domed  por- 
tion substantially  surrounding  and  retaining  a  ball 
which  is  free  to  rotate.  X-Y  position  indicating  means 
are  provided,  such  that  rotation  of  the  ball  provides 
signals  indicative  of  X-Y  positions  on  the  display  sys- 
tem. The  ball  is  free  to  "float"  in  the  vertical  direction 
within  the  dome,  and  thereby  maintain  good  surface 
contact.  X-Y  positions  are  established  by  movement  of 
the  control  device  over  a  surface.  A  display  system  and 
method  is  disclosed  for  use  in  conjunction  with  the 
cursor  control  device,  which  permits  a  user  to  select 
command  options  simply  by  movement  of  the  displayed 
cursor  over  a  "pull-down"  menu  bar. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field 

The  present  invention  relates  to  the  field  of  display  15 
systems,  and  more  particularly  to  devices  which  can 
position  a  cursor  over  selected  locations  on  a  computer 
controlled  display. 

2.  Art  Background 


tion  which  houses  a  ball  which  is  free  to  rotate.  Two 
encoder  disc  assemblies  are  provided,  which  include 
roller  shafts  disposed  substantially  90  degrees  relative  to 
one  another  and  in  contact  with  the  ball.  Each  roller 
shaft  is  coupled  to  an  encoder  disc  having  a  plurality  of 
slots  disposed  radially  around  the  disc  periphery.  These 
slots  interrupt  light  beams  which  are  provided  by 
photo-emitters  and  directed  at  photo-detectors.  Each 
slotted  disc  interrupts  two  light  beams  which  are  ar- 
ranged such  that  when  one  beam  is  fully  transmitted, 
the  other  is  partially  blocked.  Beam  interruptions  pro- 
duce signal  pulses  representing  increments  of  motion, 
while  the  order  in  which  the  light  beams  are  interrupted 
indicates  the  direction  of  motion,  thereby  resulting  in  an 
X-Y  position  on  a  display  system.  The  ball  is  maintained 
in  contact  with  the  roller  shafts  by  a  spring  biased  idler 
wheel.  The  ball  is  free  to  "float"  in  the  vertical  direction 
within  the  dome,  and  thereby  maintain  good  surface 


In  many  computer  controlled  display  systems,  it  is  20  contact.  Moreover,  the  ball  may  be  easUy  removed  for 


desirable  to  allow  the  user  to  control  the  position  of  a 
cursor  or  the  like  by  means  which  are  external  from  the 
main  computer  keyboard.  For  example,  a  user  may  be 
required  to  repetitively  choose  software  options  dis- 


cleaning to  insure  that  any  build  up  of  lint  or  the  like 
does  not  prevent  the  ball  from  rotating  smoothly.  A 
switch  is  provided  within  the  cursor  control  housing  in 
order  to  signal  the  display  system  that  a  desired  X-Y 


played  on  a  cathode  ray  tube  (CRT),  or  may  desire  to  25  location  on  the  display  screen  has  been  selected.  In 


30 


35 


input  data  in  a  diagram  format  into  the  computer  sys- 
tem. In  such  situations  traditional  keyboard  input  sys- 
tems are  not  as  effective  as  a  cursor  control  device 
commonly  referred  to  as  a  "mouse". 

In  a  typical  "mouse"  system,  a  hand-held  transducer 
provides  positional  movement  signals  to  the  display 
system.  Traditionally,  the  movement  of  wheels  within 
the  cursor  control  device  are  coupled  to  potentiometers 
to  provide  signals  indicative  of  an  X-Y  position  on  the 
display  screen  (see  U.S.  Pat.  Nos.  3,541,541;  3,269,190; 
and  3,835,464).  Other  mouse  systems  utilize  rotating 
balls  on  wheels  which  are  in  turn  coupled  to  rotate 
apertures  interrupting  beams  of  light,  thereby  providing 
positional  signals  to  the  display  system  (see  U.S.  Pat. 
Nos.  3,892,963  and  3,541,521). 

One  common  disadvantage  of  cursor  control  devices 
found  in  the  prior  art  is  their  cost.  Typically,  prior  art 
cursor  controls  include  costly  mechanical  parts  which 
require  precise  alignment  for  proper  operation.  More- 
over, it  is  not  uncommon  for  these  devices  to  exhibit  a  45 
loss  in  accuracy  over  time  as  the  mechanism  wears.  As 
computer  display  capabilities  have  become  more  ad- 
vanced in  terms  of  user  real-time  graphic  interaction, 
cursor  control  devices  have  become  a  necessity  in  many 
computer  systems.  Accordingly,  there  exists  a  need  to  50 
provide  a  cost  effective,  simple  and  highly  reliable  cur- 
sor control  device  for  providing  signals  indicative  of 
X-Y  positions  on  a  computer  display  system. 

As  will  be  disclosed  below,  the  present  invention 
provides  an  improved  cursor  control  device  which  55 
overcomes  the  disadvantages  of  the  prior  art  by  utiliz- 
ing a  unitary  frame  structure  for  accurate  alignment  of 
all  elements  and  simple  assembly,  as  well  as  photo- 
optics  to  provide  the  required  positional  signals.  In 
addition,  a  display  system  and  method  is  disclosed  for  60  "^®"'  of  the  control  switch  within  the  housing  base. 


operation,  a  user  may  selectively  position  a  cursor  or 
the  like  on  a  display  system  by  simply  moving  the  cur- 
sor control  device  over  a  surface,  such  as  a  desk,  until 
the  desired  cursor  position  is  shown  on  the  display 
device.  A  display  system  and  method  is  disclosed  for 
use  in  conjunction  with  the  cursor  control  device, 
which  permits  user  to  select  command  options  simply 
by  movement  of  the  displayed  cursor  over  a  "menu 
bar". 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  perspective  view  of  the  present  invention. 

FIG.  2  is  a  perspective  of  the  present  invention  illus- 
trating the  cursor  control  device  as  it  appears  without 
^  the  housing  cover. 

FIG.  3  is  a  perspective  view  of  the  unitary  frame  of 
the  present  invention  coupled  to  the  printed  circuit 
board  base,  illustrating  the  placement  of  photo-detec- 
tors and  the  coupling  connector. 

FIG.  4  is  a  further  perspective  view  of  the  unitary 
frame  and  circuit  boad  of  FIG.  3  illustrating  the  position 
of  a  roller  shaft  and  encoder  wheel. 

FIG.  5  is  a  top  view  of  the  unitary  frame  and  printed 
circuit  board  of  the  present  invention. 

FIG.  6  is  a  partial  view  of  the  unitary  frame  in  FIG. 
3,  illustrating  the  insertion  of  a  detector  aperture. 

FIG.  7  is  a  perspective  view  of  the  unitary  frame  of 
FIG.  3,  illustrating  the  placement  of  resistors  on  the 
printed  circuit  board. 

FIG.  8  is  a  perspective  view  of  the  coupHng  of  the 
unitary  frame  cage  and  printed  circuit  board  combina- 
tion to  the  housing  base  of  the  present  invention. 

FIG.  9  is  a  perspective  view  illustrating  the  place- 


use  m  association  with  the  cursor  control  device  which 
permits  a  user  to  select  command  options  simply  by 
movement  of  the  cursor  over  a  "pull-down"  menu  bar. 

SUMMARY  OF  THE  INVENTION 

A  cursor  control  device  having  particular  application 
to  computer  display  systems  is  disclosed.  The  cursor 
control  includes  a  unitary  frame  having  a  domed  por- 


FIG.  10  is  the  perspective  view  of  the  final  assembly 
of  the  present  invention  illustrating  the  coupling  of  the 
cover  and  base  portions  of  the  housing. 

FIG.  11  is  a  perspective  view  illustrating  the  insertion 
65  or  removal  of  the  floating  and  rotating  ball. 

FIG.  12  is  a  diagrammatical  illustration  of  the  align- 
ment of  the  photo-emitters  in  relation  to  each  encoder 
disc. 
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FIG.  13  is  a  diagrammatical  illustration  of  a  sample 
quadrature  output  of  the  present  invention  indicative  of 
X-Y  locations  on  display  system. 

FIG.  14  is  a  diagrammatical  illustration  of  a  "puU 
down"  menu  bar  display. 

FIG.  15  is  a  block  diagram  illustrating  the  sequence 
of  steps  utilized  by  the  present  invention  to  display 
options  and  associated  commands  on  a  "pull-down" 
menu  bar  display. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

A  cursor  control  device  having  particular  application 
for  use  in  conjunction  with  a  computer  display  system  is 


Thus,  each  detector  aperture  50  houses  two  detectors 
46  which  face  two  emitters  40,  respectively.  In  the 
presently  preferred  embodiment,  the  emitter/detector 
combination  operates  within  the  infrared  region.  How- 
5  ever,  it  will  be  appreciated  that  any  suitable  wavelength 
may  be  used  in  a  particular  application.  In  addition, 
presently,  the  detectors  46  incorporate  integral  Schmitt 
triggers  to  provide  detector  outputs  which  more  closely 
approximate  a  digital  signal. 
10  Two  encoder  disc  assembUes  are  provided  to  con- 
vert, as  will  be  described,  the  movement  of  the  cursor 
control  unit  20  into  signals  indicative  of  X-Y  locations 
defined  on  the  display  system.  Each  encoder  assembly 
52  includes  an  encoder  disc  54  axially  coupled  to  a 
disclosed.  In  the  following  description  for  purposes  of  15  roller  shaft  56.  In  addition,  each  encoder  disc  54  is  pro- 
explanation,  specific  numbers,  materials  and  configura-  vided  with  a  plurality  of  radially  disposed  slots  57 
tions  are  set  forth  in  order  to  provide  a  thorough  under-  which  interrupt  the  light  beams  generated  by  the  photo- 
standing  of  the  present  mvention.  However,  it  will  be  emitters  40.  A  cylindrical  contact  member  58  surrounds 
apparent  to  one  skilled  in  the  art  that  the  present  inven-  each  roller  shaft  56  at  each  respective  cut  out  location, 
tion  may  be  practiced  without  the  specific  details.  In  20  as    illustrated.    Each    encoder    disc    assembly    52    is 


other  instances,  well  known  systems  are  shown  in  dia- 
grammatical or  block  diagram  form  in  order  not  to 
obscure  the  present  invention  unnecessarily. 

Referring  now  to  FIG.  1,  the  present  invention  in- 
cludes a  hand  held  cursor  control  unit  20  which  is  cou- 
pled to  a  plug  22  by  means  of  a  cable  24.  As  best  illus- 
trated in  FIG.  2,  cursor  control  unit  20  includes  a  cover 
25  and  a  base  26  upon  which  the  internal  workings  of 
the  present  invention  are  disposed.  As  will  be  apparent 


mounted  on  the  unitary  frame  28  by  inserting  the  en- 
coder disc  54  between  the  detector  aperture  50  and 
emitters  40  and  snapping  an  end  clip  60  over  the  oppo- 
site end  of  the  roller  shaft  56  (see  FIGS.  4,  5  and  7), 
25  thereby  allowing  rotation  of  the  roller  shaft  and  en- 
coder disc  with  a  minimum  of  friction.  As  illustrated, 
each  shaft  56  is  shpped  into  and  carried  by  a  "U"  shaped 
guide  59  formed  from  upwardly  extending  alignment 
bosses  53  to  maintain  each  roller  shaft  56  in  proper 


from  the  discussion  which  follows,  cursor  control  unit  30  orientation.  End  51  of  the  shaft  56  is  carried  for  rotation 
20  is  designed  with  ease  of  assembly  in  mind,  while  within  a  hollow  portion  of  the  detector  aperture  50, 
providing  very  close  tolerances  and  high  X-Y  position  such  that  encoder  disk  54  is  disposed  in  close  proximity 
location  accuracy.  to  the  aperture  50.  The  present  invention's  use  of  inte- 

With  reference  to  FIGS.  3,  4  and  5,  a  premolded        gral  lubrication  within  the  frame  material,  permits  each 
unitary  frame  28  is  provided  which  mcludes  a  domed  35  shaft  56  to  freely  rotate  about  its  longitudinal  axis, 
housing  30  presently  havmg  three  cut-out  locations  31,  As  a  result  of  the  above  described  configuration,  the 

32  and  33.  As  illustrated,  cut-outs  31  and  32  are  disposed        radially  disposed  slots  57  of  each  encoder  disc  interrupt 

two  light  beams  from  photo-emitters  40.  The  position  of 
the  emitter/detector  combination  and  encoder  disc  is 
40  such  that  when  one  beam  is  fully  transmitted,  the  other 
is  partially  blocked  by  a  slit  on  the  encoder  disc.  As  will 
be  discussed,  in  operation  a  ball  62  is  disposed  within 
the  dome  30  of  the  frame,  and  retained  such  that  it  is 
maintained  in  contact  with  both  cylindrical  contact 


substantially  at  90  degrees  with  respect  to  one  another 
with  cut-out  33  being  oriented  generally  symmetrically 
opposite  the  other  cut-outs.  In  addition,  frame  28  in- 
cludes a  plurality  of  bosses,  slots  and  shaped  stems  of 
material  which  when  pertinent  will  be  discussed  in  this 
specification.  In  the  presently  preferred  embodiment 
the  frame  28  is  comprised  of  a  plastic  material  (e.g 


polycarbonate)  which  is  impregnated  with  a  lubricant  45   members  58.  The  rotation  ofthe  ball  62  within  the  dome 


(e.g.  teflon).  Thus,  during  operation  and  throughout  its 
useful  life,  cursor  control  unit  20  does  not  require  the 
addition  of  either  wet  or  dry  lubricants.  Frame  28  is 
mounted  on  a  printed  circuit  board  34  to  facilitate  elec- 
trical connection  between  the  various  electrical  ele- 
ments within  the  unit.  Electrical  connector  header  36  is 
mounted  as  shown  (see  FIG.  3)  to  the  unitary  frame  28 
such  that  connector  pins  38  pass  through  a  rectangular 
slot  39  through  the  frame  to  the  circuit  board  below.  As 


30  in  turn  causes  the  rotation  of  each  roller  shaft  56  and 
its  respective  encoder  disc.  As  will  be  discussed,  the 
beam  interruptions  from  the  rotation  of  each  encoder 
disc  54  produce  signal  pulses  representing  increments  of 
50  motion,  while  the  order  in  which  the  light  beams  are 
interrupted  indicates  the  direction  of  motion  of  the 
cursor  control  imit. 

Ball  62  is  retained  against  the  cylindrical  contact 
members  58  by  an  idler  wheel  for  rotation  on  a  fixed 


will  be  discussed,  cable  24  is  electrically  coupled  to  the  55   shaft  66,  as  best  shown  in  FIG.  5.  The  idler  wheel  64 


cursor  control  unit  20  through  connector  36. 

As  illustrated  in  FIG.  3,  photo-emitters  40  are  in- 
serted into  slots  42  such  that  the  emitter  portion  is  fac- 
ing away  from  the  dome  30  (note  that  one  emitter  40  is 
shown  in  FIG.  3  partially  inserted).  Upwardly  extend- 
ing clips  43  are  snapped  over  portions  of  each  emitter 
40,  as  shown,  to  prevent  them  from  being  dislodged. 
Similarly,  two  photo-detectors  46  are  inserted  facing 
the  emitters  40  into  slots  47  in  each  of  two  detector 
apertures  50.  As  shown  in  FIG.  6,  an  outwardly  extend- 
ing portion  48  of  each  detector  aperture  50  is  aligned 
with  guides  49  formed  integrally  with  the  frame  28,  and 
the  aperture  is  then  snapped  downward  into  place. 


and  shaft  66  are  inserted  within  a  slot  68  formed  by 
rectangular  bosses  69  and  70  extending  upwardly  from 
the  frame's  base.  Wheel  64  extends  through  cut-out  33 
into  the  interior  of  the  dome  30.  The  legs  of  a  staple 

60  shaped  idler  spring  72  are  inserted  through  passages  73 
passing  perpendicular  to  the  horizontal  plane  of  the 
frame  28  and  circuit  board  34,  thereby  retaining  the 
shaft  66  within  the  slot  68. 

Referring  now  to  FIG.  7,  resistors  76,  which  are 

65  required  by  the  specific  electronics  of  the  emitter/de- 
tector combination  ofthe  present  invention,  are  inserted 
into  the  printed  circuit  board  34.  The  resistors  76  and 
associated  leads  from  the  connector  36,  photo-emitters 
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40,  and  photo-detectors  46  are  then  electrically  con- 
nected and  soldered  in  place  as  is  conventionally  done 
in  the  art. 

With  reference  now  to  FIGS.  8,  9  and  10,  the  assem- 
bled frame  28  and  circuit  assembly  is  mounted  on  the 
base  26  by  means  of  a  screw  78,  As  illustrated,  base  26 
includes  an  upwardly  extending  switch  retaining  por- 
tion 80  and  a  generally  circular  cut-out  orifice  82.  As 
best  shown  in  FIGS.  8,  10  and  11,  circular  orifice  82  is 
disposed  substantially  below  the  opening  of  dome  30, 
and  includes  outwardly  extending  locking  ridges  84 
which  are  designed  to  accommodate  a  lock  cap  86  (See 
FIG.  11),  such  that  ball  62  may  be  retained  within  the 
dome  30.  Lock  cap  86  includes  outwardly  extending 
tabs  88  arranged  to  interleaf  with  ridges  84.  In  opera- 
tion, a  user  desiring  to  insert  or  remove  ball  62  from  the 
cursor  control  unit  20,  may  unlock  and  remove  the  lock 
cap  86  from  the  orifice  82  by  simply  rotating  the  cap 
such  that  the  tabs  88  and  ridges  84  no  longer  interleaf. 


ing  the  cursor  or  the  like  on  a  display  system  will  be 
apparent  to  one  skilled  in  the  art,  the  details  of  such  will 
not  be  recited  herein. 

Referring  now  to  FIGS.  14  and  15,  a  display  system 

5  and  method  for  use  in  conjunction  with  the  cursor  con- 
trol device  20  will  be  described.  As  previously  dis- 
cussed, control  20  is  coupled  to  a  display  system  which 
is  controlled  by  a  computer  or  other  equivalent  cir- 
cuitry. Appropriate  programming  of  the  computer  is 

10  provided  such  that  a  "menu"  bar  100  comprising  a  vari- 
ety of  command  options  indicated  by  titles  (for  example, 
Ti,  T2,  T3. . .  Tfl),  is  displayed  across  the  CRT  screen  or 
the  like  as  shown  m  FIG.  14.  If  a  particular  title  (for 
example  Ti)  is  selected,  one  or  more  sub-command 

15  items  104  are  displayed  by  the  computer  system  below 
the  primary  menu  title.  As  illustrated,  the  sub-command 
items  appear  to  the  user  to  be  "pulled  down**  from  the 
main  menu  bar  100.  The  user  then  selects  a  desired  item 
for  execution  by  the  computer  by  appropriate  move- 


As  illustrated,  lock  cap  86  generally  has  a  toroidal  20  mentofacursorcontrol,  as  will  be  described.  Although 

the  list  of  items  104  are  shown  for  illustration  below 
menu  title  options  Ti,  T2,  and  T3,  in  the  present  embodi- 
ment only  one  menu  option  may  be  pulled  down  and 
displayed  at  a  time. 

The  sequence  of  operations  executed  by  the  com- 
puter system  to  permit  the  user  to  select  a  particular 
menu  title  and  sub-command  item  is  shown  in  FIG.  15. 
The  computer  initially  displays  menu  bar  100  on  the 
display  system  as  shown  in  FIG.  14.  A  user  desiring  to 


form  having  a  central  orifice  87  of  smaller  diameter  than 
cutout  orifice  82.  It  will  be  apparent,  that  once  ball  62  is 
inserted  and  retained  by  lock  cap  86,  Thus,  ball  62 
contacts  the  surface  below  the  cursor  control  unit  20 
and  rotates  in  response  to  the  movement  of  the  unit  on  25 
the  surface. 

As  shown  in  FIG.  9,  cable  24  is  coupled  to  cursor 
control  20  through  a  female  connector  94  which  is 
inserted  over  pins  38.  A  switch  90  is  coupled  to  the 

cable  24  through  electrical  connector  36,  and  is  inserted  30  select  a  particular  title  moves  cursor  control  unit"  20 
within  the  retaining  portion  80.  A  switch  cap  91  forms  over  a  surface,  thereby  rotating  ball  62  within  dome  30 
part  of  the  cover  25  (see  FIG.  1),  and  is  disposed  above  and  sending  signals  indicative  of  X-Y  locations  to  the 
switch  90  such  that  the  depression  of  the  switch  cap  91  display  system  for  corresponding  movement  of  a  cursor 
forces  switch  90  to  electrically  close,  and  thereby  signal  or  the  like  on  the  display  screen.  Once  the  cursor  is 
the  computer  display  system  that  an  appropriate  X-Y  35  positioned  over  (or  in  proximity  with)  the  chosen  menu 
location  has  been  selected.  As  shown  in  FIG.  10,  base  title  selection,  the  user  depresses  switch  cap  91  on  cur- 
26  and  cover  25  are  coupled  by  securing  both  sections  sor  control  20,  thereby  activating  switch  90,  and  signal- 
to  one  another  using  screws  92.  Once  the  cover  and  ing  the  computer  system  that  the  particular  tide  has 
base  have  been  joined,  ball  62  is  inserted  and  lock  cap  86  been  selected.  The  computer  display  system  then  either 
is  attached  as  discussed  above  to  retam  the  ball  within  40  executes  the  menu  title  if  it  is  an  immediate  command, 
the  dome  portion  30.  or  displays  a  set  of  sub-command  items  for  user  selec- 

With  reference  to  FIGS.  12  and  13,  a  sample  quadra-  tion.  If  items  are  displayed,  the  user  continues  to  depress 

ture  output  of  the  cursor  control  unit  20  is  illustrated.  switch  cap  91,  and  once  again  moves  the  cursor  control 

As  previously  described,  photo-detectors  46  are  dis-  over  the  surface  until  the  displayed  cursor  lies  over  or 

posed  such  that  if  one  detector  is  fully  exposed  by  a  slot  45  in  proximity  with  the  item  to  be  executed.  The  user  then 

of  the  encoder  disc  54,  the  other  detector  is  only  par-  removes  pressure  from  the  switch  cap  91  thereby  deac- 

tially  exposed.  Thus,  in  addition  to  the  increments  of  tivating  switch  90,  and  indicating  to  the  computer 

motion  of  the  cursor  control  over  a  surface,  the  direc-  which  item  is  to  be  executed. 

tion  of  motion  may  also  be  determined.  Assume  for  sake  The  computer  system  then  determines  if  further  pa- 

of  example  that  the  cursor  control  20  is  moved.  As  50  rameters  are  required  to  be  specified  by  the  user.  If  no 


illustrated  in  FIG.  13,  a  substantially  digital  output  sig 
nal  is  generated  by  each  photo-emitter/detector  combi- 
nation associated  with  each  encoder  assembly.  In  the 
example  shown,  cursor  control  20  would  provide  a 


further  data  is  required,  the  computer  executes  the  item 
indicated  by  the  cursor  position  on  the  display  screen. 
However,  if  parameters  must  be  specified  by  the  user 
prior  to  execution  a  "dialogue  box"  is  defined  on  the 


regularly  spaced  output  from  the  X  channel  detectors  if  55  display  system  which  displays  the  various  data  selec 
the  control  20  is  moved  over  a  surface  at  a  constant  tions  which  are  required.  For  example,  a  user  may  be 
speed  along  the  X-axis.  Similarly,  if  there  is  Httle  move-  required  to  select  page  formats,  specify  numerical  val- 
mept  of  the  control  unit  along  the  Y  axis,  little  change  ues,  etc.  In  the  present  embodiment,  a  user  inputs  the 
will  occur  on  the  Y  channels  inasmuch  as  the  Y  encoder  desired  data  selections  by  positioning  the  cursor  over 
disk  is  not  being  rotated  significantly  (see  FIG.  13).  The  60  the  selection,  in  for  example  a  multiple  choice  format, 
computer  display  system  is  provided  with  appropriate        and  momentarily  activates  the  switch  90  on  the  cursor 

control  unit.  Once  the  required  selections  are  made,  the 
computer  proceeds  to  execute  the  chosen  menu  item. 
Accordingly,  it  is  possible  for  a  user  to  select  and 
65  execute  a  variety  of  commands  without  the  necessity  of 
inputting  characters  on  a  keyboard,  as  is  commonly 
required  in  the  art.  Rather,  the  present  invention  per- 
mits fast  entry  and  execution  of  commands,  such  as  for 


software  or  hardware,  for  example  edge  detectors,  to 
detect  signal  state  transitions.  Thus,  the  signals  from 
each  pair  of  channels  may  be  decoded  such  that  the  X-Y 
direction  of  motion  may  be  determined  for  the  particu- 
lar order  of  transition  changes  from  each  channel  along 
an  axis.  Inasmuch  as  the  particular  circiutry  and  soft- 
ware used  for  decoding  the  various  signals  and  position- 
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example  in  a  word  processing  system  or  the  like, 
wherein  large  blocks  of  text  or  other  data  may  be  ma- 
nipulated or  operated  upon  simply  by  movement  of  the 
cursor  control  20  over  a  surface  and  the  appropriate 
depression  of  switch  90. 

Thus,  an  improved  cursor  control  and  display  system 
has  been  described.  The  present  invention  pennits  a 
user  to  select  desired  menu  titles  on  a  menu  bar  by 
movement  of  a  cursor  control  over  a  surface.  Sub-com- 
mand items  may  be  specified  for  execution  by  the  com- 
puter control  display  system  in  the  same  manner,  such 
that  the  operator  need  not  enter  command  characters 
on  a  keyboard  or  the  like  in  order  to  access  and  execute 
most  system  functions. 

Although  the  present  invention  has  been  described 
with  reference  to  FIGS.  1-15  and  with  emphasis  on  a 
"pull  down"  type  display  system,  it  should  be  under- 
stood that  the  figures  are  for  illustration  only  and 
should  not  be  taken  as  limitations  upon  the  invention.  It 
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3.  The  device  as  defined  in  claim  2,  wherein  said  third 
cut-out  is  disposed  generally  at  45  degrees  with  respect 
to  said  first  and  second  cut-outs. 

4.  The  device  as  defined  by  claim  3,  wherein  said  X-Y 
5    position  indicating  means  includes  a  roller  shaft  coupled 

to  an  encoder  disc  having  a  plurality  of  radially  dis- 
posed slots,  said  disc  being  disposed  between  a  photo- 
emitter  and  photo-detector. 

5.  The  device  as  defined  in  claim  4,  wherein  said 
10  photo-detector  is  diposed  within  a  detector  aperture, 

said  aperture  being  retained  on  said  unitary  frame  to 
form  an  integral  unit. 

6.  The  device  as  defined  by  claim  5,  further  including 
a  circuit  board  disposed  between  said  frame  and  said 

15  base. 

7.  The  device  as  defined  by  claim  6,  further  including 
a  switch  coupled  to  said  circuit  board  to  specify  se- 
lected X-Y  positions  on  said  display  system. 

8.  The  device  as  defined  by  claim  7,  said  device  being 


is  contemplated  that  many  changes  and  modifications  20  coupled    to    a   computer   controlled   display    system 


25 


30 


may  be  made,  by  one  of  ordinary  skill  in  the  art,  to  the 
materials  and  arrangements  of  the  elements  of  the  in- 
vention without  department  from  the  spirit  and  scope  of 
the  invention  as  disclosed  above. 
What  is  claimed  is: 

1.  A  device  for  providing  signals  indicative  of  X-Y 
locations  on  a  display  system  or  the  like,  comprising: 
a  housing  including  a  base  having  an  opening  for  the 

passage  of  a  rotatable  ball; 
a  unitary  frame  disposed  on  saide  base  including: 
a  domed  portion  integrally  formed  with  said  frame 
substantially  surrounding  and  retaining  said  ro- 
tatable ball; 
said  domed  portion  having  first  and  second  cut- 
outs through  said  dome  disposed  substantially  at  35 
90  degrees  with  respect  to  one  another,  and  a 
third  cut-out  disposed  at  an  angle  with  respect  to 
said  first  and  second  cut-outs; 
X-Y  position  indicating  means  passing  through  said 
first  and  second  cut-outs,  for  converting  the  40 
rotation  of  said  ball  into  signals  indicative  of  X-Y 
positions  on  said  display  system; 
biasing  means  passing  through  said  third  cut-out, 
for  biasing  said  ball  against  said  X-Y  position 
indicating  means; 
means  for  removing  said  ball  from  said  domed  por- 
tion through  said  opening  in  said  base,  such  that 
said  ball  and  the  interior  of  said  dome  may  be  ser- 
viced, said  means  for  removing  comprising: 
outwardly  extending  lock  ridges  integrally  formed 

with  said  opening  in  said  base; 
a  lock  cap  having  a  second  opening  of  smaller 
diameter  then  said  base  opening  to  permit  only  a 
portion  of  said  ball  to  pass  therethrough  and 
contact  said  surface; 
said  lock  cap  further  including  outwardly  extend- 
ing lock  tabs  to  interleaf  with  said  lock  ridges, 
such  that  rotation  of  said  cap  interleafs  with  said 
tabs  and  ridges  thereby  locking  said  cap  onto 
said  base; 
whereby  movement  of  said  device  over  a  surface 
such  that  a  portion  of  said  ball  is  maintained  in 
contact  with  said  surface  results  in  X-Y  positions 
defined  on  said  display  system. 
2.  The  device  as  defined  by  claim  1,  wherein  said 
biasing  means  comprises  a  wheel  carried  by  a  shaft,  and 
shaft  being  biased  such  that  said  wheel  is  maintained  in 
contact  with  said  ball. 
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wherein  menu  commands  are  displayed  and  selected  by 
a  user  through  movement  of  said  device. 

[9.  A  computer  controlled  display  system  having  a 
display  wherein  a  plurality  of  command  options  are 
displayed  along  a  menu  bar  and  sub-command  items 
corresponding  to  each  option  are  displayed  once  said 
option  has  been  selected,  comprising: 

first  display  means  coupled  to  said  computer  for  gen- 
erating and  displaying  said  menu  bar  comprising 
said  plurality  of  command  options; 
cursor  control  means  coupled  to  said  display  system 
for  selectively  positioniiig  a  cursor  on  said  display, 
said  cursor  control  means  including  a  cursor  con- 
trol device  for  movement  over  a  surface,  the  move- 
ment of  said  cursor  control  device  over  said  sur- 
face by  a  user  resulting  in  a  corresponding  move- 
ment of  said  cursor  on  said  display; 
signal  generation  means  including  a  switch  having  a 
first  and  second  position  coupled  to  said  display 
system  for  signalling  said  computer  of  an  option 
choice  once  said  cursor  is  positioned  over  a  first 
predetermined  area  on  said  display  corresponding 
to  an  option  to  be  selected,  said  user  placing  said 
switch  in  said  second  position  while  moving  said 
cursor  control  device  over  said  surface  such  that 
said  cursor  is  over  said  first  predetermined  area; 
second  display  means  coupled  to  said  computer  for 
generating  and  displaying  said  sub-command  items 
corresponding  to  said  selected  option; 
said  switch  being  placed  in  said  first  position  by  said 
user  once  said  user  has  positioned  said  cursor  over 
a  second  predetermined  area  corf^sponding  to  a 
sub-command  item  to  be  selected; 
whereby  an  option  and  a  sub-command  item  is  se- 
lected and  executed  by  said  computer] 
[10.  The  display  system  'of  claim  9  wherein  said 
cursor  control  device  comprises: 

a  housing  including  a  base  having  an  opening  for  the 

passage  of  a  rotatable  ball; 
a  unitary  frame  disposed  on  said  base  including: 
a  domed  portion  integrally  formed  with  said  frame 
substantially  surrounding  and  retaining  said  ro- 
tatable ball; 
said  domed  portion  having  first  and  second  cut- 
outs through  said  dome  disposed  substantially  at 
90  degrees  with  respect  to  one  another,  and  a 
third  cut-out  disposed  at  an  angle  with  respect  to 
said  first  and  second  cut-outs; 
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X-Y  position  indicating  means  passing  through  said 
first  and  second  cut-outs,  for  converting  the 
rotation  of  said  ball  into  signals  indicative  of  X-Y 
positions  on  said  display  system; 
biasing  means  passing  through  said  third  cut-out, 
for  biasing  said  ball  against  said  X-Y  position 
indicating  means; 
means  for  removing  said  ball  from  said  domed  por- 
tion through  said  opening  in  said  base,  such  that 
said  ball  and  the  interior  of  said  dome  may  be  ser- 
viced, said  means  for  removing  said  ball  compris- 
ing: 
outwardly  extending  lock  ridges  integrally  formed 

with  said  opening  in  said  base; 
a  lock  cap  having  a  second  opening  of  smaller 
diameter  then  said  base  opening  to  permit  only  a 
portion  of  said  ball  to  pass  therethrough  and 
contact  said  surface; 
said  lock  cap  further  including  outwardly  extend- 
ing lock  tabs  to  interleaf  with  said  lock  ridges, 
such  that  rotation  of  said  cap  interleafs  with  said 
tabs  and  ridges  thereby  locking  said  cap  onto 
said  base; 
whereby  said  option  and  sub-command  item  may  be 
selected  by  movement  of  said  cursor  control  means 
over  a  surface  such  that  a  portion  of  said  ball  is  in 
contact  with  said  surface.] 
[11.  In  a  computer  controlled  display  system  having 
a  display  wherein  a  plurality  of  command  options  are 
displayed  along  a  menu  bar  and  sub-command  items 
corresponding  to  each  option  are  displayed  once  said 
option  has  been  selected,  a  method  for  selecting  an 
option  and  an  item,  comprising  the  steps  of: 
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(a)  generating  and  displaying  said  menu  bar  compris- 
ing said  plurality  of  command  options; 

(b)  positioning  a  cursor  on  said  display  using  a  cursor 
control  device  for  movement  over  a  surface,  the 
movement  of  said  cursor  control  device  over  said 
surface  by  a  user  resulting  in  a  corresponding 
movement  of  said  cursor  on  said  display; 

(c)  signalling  said  computer  of  an  option  choice  once 
said  cursor  is  positioned  over  a  first  predetermined 
area  on  said  display  corresponding  to  an  option  to 
be  selected,  said  user  signalling  said  computer  by 
placing  a  switch  coupled  to  said  display  system  in  a 
second  position  while  moving  said  cursor  control 
device  over  said  surface  such  that  said  cursor  is 
over  said  first  predetermined  area; 

(d)  generating  and  displaying  said  sub-command 
items  corresponding  to  said  selected  option; 

(e)  positioning  said  cursor  over  a  second  predeter- 
mined area  corresponding  to  a  sub-command  item  to  be 
selected,  said  switch  being  maintained  in  said  second 
position  until  said  cursor  is  positioned  over  said  second 
predetermined  area; 

(f)  placing  said  switch  in  a  first  position  once  said  user 
has  positioned  said  cursor  over  said  second  prede- 
termined area; 

whereby  an  option  and  an  item  associated  with  said 
option  is  selected.] 

[12.  The  method  as  defined  by  claim  11,  wherein  said 
switch  is  disposed  on  said  cursor  control  device.] 

[13.  The  method  as  defined  by  claim  12,  where  said 
computer  displays  said  sub-command  items  generally 
below  said  option  on  said  menu  bar.] 
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[57]  ABSTRACT 

A  floppy  disk  drive  with  automatic  disc  clamping  and 
ejection  is  disclosed.  The  movement  of  the  linear  actua- 
tor is  used  to  provide  both  the  clamping  and  ejection, 
without  other  drive  means.  A  pair  of  magnetic  heads, 
positioned  on  opposing  sides  of  a  drive  wheel,  are  fixed 
to  a  carnage,  one  engages  the  upper  surface  of  the  disc, 
the  other  the  lower  surface.  Neither  head  moves  rela- 
tive to  the  other.  The  drive  components  are  easily  as- 
sembled providing  a  relatively  inexpensive,  yet  reliable 
drive. 

9  Claims,  12  Drawing  Figures 
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FIG.  2  is  a  cross-sectional  elevation  view  of  the  disc 
DISK  DRIVE  WITH  AUTOMATIC  DISC  drive  of  FIG.  1  generally  taken  through  section  line 

CLAMPING  AND  EJECTING  2—2  of  FIG.  1. 

FIG.  3  is  a  cross-sectionaJ  elevation  view  of  the  disc 
BACKGROUND  OF  THE  INVENTION  3   drive  of  FIG.  1  generally  taken  through  section  line 

1.  Field  of  the  Invention  3--3  of  FIG.  t 

The  invention  relates  to  the  field  of  drives  for  mag-        ,  .'^*^- If^"  cross-sectional  elevation  view  of  the  disc 
netic  discs,  particularly  "floppy"  disc.  '!"''*'  °^^^'''-  '  showing  the  hfter  arm  m  its  raiseJ  posi- 

2.  Prior  Art  ^'°"'         ^'*^  **  generally  taken  through  the  staggered 
There  are  numerous  commercially  available  fioppy  ^^  ^l^  l'"^  ^~^  °^  ^?-  ^  -      ,    .         -.^    ^.     ^  . 

disc  drives  which  have  been  marketed  in  large  quiS-        ,  P^'  ^  ^  «  f  ^-^^^o"^  fron  view  of  the  d«c  dnve 

ties  for  several  years.  For  the  most  part,  the^  disc        "^^r^T      '^^^^'^''''^'^'^-^1^^^ 

drives  require  thit  the  disc  be  manuall^dLnped  once        ^^.^  of  HG^f      ^'""        "^  ''"" 

the  d^  is  inserts!  (before  rotation)  and,  xm^nually  re-  13       piG.  7  is  a  plan  view  of  the  drive  wheel  of  the  spindle 

movedafterusc.  AswJlbeseen,themventedd,scdnve       ..^y,^  ^.^i    t^,„  through  section  line  7-7 of 

provides  automatic  clampmg  of  a  disc,  and  also  auto-        p]Q  5 

matic  ejection-  Importantly,  these  two  features  are  ob-  fIg*  8  is  a  plan  view  of  the  clamper  taken  generally 

tamed  without  additional  dnve  mechanisms.  Both  fea-        through  section  line  8—8  of  FIG.  6. 

tures  result  from  movement  of  the  linear  actuator  used  20       pjQ  9  j^  ^  crosvsectional  elevation  view  of  the  disc 

to  posiUon  the  magnetic  heads.  Several  attempts  have        drive  taken  generally  through  seclioii  9—9  of  FIG.  1. 

been  made  to  provide  a  reliable  floppy  disc  drive  at  a       This  view  is  used  to  show  the  movement  of  the  ejector 

reasonable  cost  which  reads  and  writes  information       mechanism. 

onto  both  sides  of  a  disc.  In  one  prior  art  disc  drive,  the  FIG.  10  is  a  perspective  view  showing,  in  assembly 

upper  and  lower  heads  are  disposed  one  directly  above        form,  the  clamper,  drive  wheel  and  clamper  trust  bear- 

the  other.  This  has  proven  to  be  a  cumbersome  and        ing. 

unreliable  arrangement,  particuiarly  since  it  requires  FIG.  11  is  a  perspective  view  showing  the  ejector 

movement  of  one  of  the  heads  in  order  to  insert  and        body  and  its  engagement  with  a  disc. 

remove  the  floppy  disc.  The  invented  disc  drive  permits  jq       FIG.  12  is  a  vertical  cross-section  of  a  photo-sensor 

access  to  both  sides  of  the  disc.  With  a  unique  arrange-        assembly  used  to  calibrate  the  position  of  the  carriage. 

ment  of  the  magnetic  heads,  neither  head  is  moved  for  ^„^    „  „ 

the  insertion  or  removal  of  a  disc.  DETAILED  DESCRIPTION  OF  THE 

Floppy  disc  drives  have  become  widely  used  in  INVENTION 

countless  computer  systems  including  the  personal  35  A  disc  drive  is  described  which  is  particularly  suit- 
computer  field.  This  wide  distribution  has  increased  the  able  for  use  with  floppy  discs.  In  the  following  descrip- 
need  for  an  inexpenr>ive,  yet  reliable  disc  drive.  As  will  tion»  numerous  specific  parts  are  described  in  detail  in 
be  seen,  the  described  disc  drive  is  readily  assembled  order  to  provide  a  thorou^^h  understanding  of  the  pres- 
wilh  fewer  critical  parts  when  compared  to  prior  art  ent  invention.  However,  it  wiUlie  obvious  to  one  skilled 
drives.  The  simplicity  of  the  overall  design  provides  40  '"  ^^^  **^  '****  ^^^  inventive  concepts  described  may  be 
improved  reliability.  employed  without  the  described  embodiments.  In  other 

instances,  well-known  parts  have  not  been  described  in 
SUMMARY  OF  THE  INVENTION  detai<  in  order  not  to  obscure  the  present  invention  in 

A  floppy  disc  drive  which  includes  automatic  disc  unnecessary  detail, 
clamping  and  ejection  is  described.  A  drive  assembly  45  Th«  ™*>n  components  of  the  invented  disc  drive 
which  includes  a  spindle  assembly  for  engaging  and  generally  comprise:  (1)  a  base  15  shown  well  in  the 
rotating  a  disc  is  mounted  on  a  base.  A  carriage  assem-  cross-sectionaJ  elevation  view  of  FIG.  5;  (2)  a  spindle 
biy  is  secured  on  rails  to  the  base  for  reciprocating  assembly  36  which  mcludes  the  drive  wheel  42  and  the 
movement  under  the  control  of  a  linear  actuator  The  ^*'^**^  ^"^^  "°*^*'  *"**  P""^^^  ^^  '*°*"  '"  ^^^-  5j 
carriage  extends  about  opposite  rides  of  the  drive  ^  p)  a  carnage  17,  driven  by  a  linear  actuator  which 
wheel  A  fir^  magnetic  head  is  mounted  on  the  carriage  ^"^'"f.^  "J^^^^  ^^'.  ^^'^^^^S"?**^  ?f ^/,  ^2  and  23  are 
on  one  side  of  the  drive  wheel  for  engaging  one  surface  "^^"^ .'°  /^'^  ^'T«'  ^^*?„^/*^-  P'  ^^^  *  **^!."  ^™  ?* 
of  the  disc.  A  second  magnetic  head  is  mounted  or  the        rn^^^l^wi^^^  for  c  amping  a  disc  to  the 

carriage  on  the  opposite  side  of  the  drive  wheel  for  ^"^%'^»^«>  f  ^^"  .^^^- *>=  ^'*' <5)  an  ejector  mecha-. 
..«»««f««.k-^«™!^.'^      e.u    a"    r!^  55  nism  for  ejecting  a  disc  which  includes  the  ejector  body 

engagmg  the  opposite  side  of  the  disc.  Clamping  means  g^  ^f  flG.  11.  Other  miscellaneous  components  include 
mcludmg  a  clamper  automaticaUy  engages  the  disc  and  f„„^i^„  .^^ches  107  and  108  and  other^arts  as  shall  b^ 
dnve  wheel  when  the  carnage  is  actuated.  An  overcen-       described. 

ter  mechanism  disposed  between  the  clamping  means  i„  the  presently  preferred  embodiment  the  body  15 

provides  this  automatic  engagement  and  disengage-  ^  (See  FIG.  1  and  FIG.  5)  is  a  generally  elongated,  H- 
ment.  A  spnngloaded  ejector  is  loaded  by  the  manual  shaped  metal  casting  which  includes  an  upper  surface 
msertion  of  the  disc.  A  ramp  on  the  carriage  releases  the  24  on  which  the  carnage  assembly  and  lifter  ann  are 
ejector  body  when  the  carnage  is  moved  into  a  prede^  mounted.  A  hub  and  centrally  disposed  bore  are  fonned 
tcrmmed  position,  thereby  ejecting  the  disc.  in  the  body  15  aUowing  it  to  receive  the  spindle  assem- 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS      *^  ?^  36.  Grooves  21  are  formed  on  opposite  inner  sur- 
faces of  the  upnght  sides  of  the  body  15  so  that  a  disc  60 
FIG.  1  is  a  plan  view  of  the  invented  disc  drive  show-       may  be  retained  within  the  body.  Numerous  other  at- 
ing  the  lifter  arm  in  its  lower  position.  toching  points,  bosses,  and  the  like  are  integraUy  formed 
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V  ith  the  body  15;  they  are  described  below,  where  tpring  26  moves  downward*  away  from  the  disc  a!low* 
pertment  to  the  present  invention.  ing  the  disc  to  be  i;.*movcd. 

The  spindle  asse*  ibly  includes  at  its  upper  end,  a  Referring  to  FIGl-.  1,  2  and  4,  the  lifter  arm  51,  like 

drive  wheel  42  best  illustrated  in  FIGS.  5, 6,  and  7.  The  the  carriaget  is  a  molded  plastic  member.  This  irregu- 
wheel  42  is  co.  pled  through  a  shalt  to  a  flywheel  40.  5  larly  shaped  member  includes  a  U-shaped  section  cen- 
Bearings  are  pT0vid<xl  to  allow  the  wheel,  shaft  and  tered  at  the  portion  51c,  and  a  forward  extending  beam 
flywheel  40  to  toUm*.  freely  within  the  body  15.  The  51i7  (FIG.  1).  The  U-^aped  sections  of  the  lifter  arm  51 
upper  surface  of  t'l?  wheel  42  includes  an  annular  sur-  are  mounted  for  pivotal  movement  on  pivots  54.  These 
face  46,  the  inner  circumference  of  which  aligns  with  pivots  extend  inwardly  from  the  upstanding  right-angle 
thecentrallydispo^edboreofafloppy  disc.  A  recess  43  10  shaped  supports  52  (FIG.  2).  The  supports  52  extend 
is  defmed  by  the  wheel  42  within  the  interior  of  the  upwardly  from  surface  24  of  biise  15.  One  end  of  the 
annular  surface  4$.  Fingers  78  from  the  clamper  70  U-shaped  section  of  arm  51  is  coupled  to  the  base  15 
extend  into  this  recess  as  will  be  described.  As  best  through  a  spring  55  best  seen  in  FIG.  2.  This  spring 
shown  in  FIGS.  7  and  10,  a  centenng  cylinder  S3  ex-  urges  the  arm  into  its  raised  position,  for  example,  the 
tends  upward  frcm  the  central  portion  of  the  wheel  42,  IS  pad  28  is  moved  away  from  head  22.  The  end  of  the 
which  as  will  be  discussed  below,  surrounds  the  central  other  U-shaped  section  of  arm  51  includes  an  overcen- 
portion  of  clauper  70  d*iring  operation  to  insure  direct        ter  mechanism  50. 

coupling  and  alignment  between  wheel  42  and  clamper  As  best  seen  in  FIGS.  3,  4  and  5,  the  overcenter 

70.  A  radially  disposed  nub  44  extends  upward  from  the  mechanism  includes  a  leaf  spring  67  which  extends 
interior  of  centering  cylinder  53  to  provide  a  direct  20  rearwardly  from  the  arm  51.  The  spring  is  hinged  at 
drivr:  coupling  engagement  with  teeth  76  of  clamper  70.        hinge  69  to  an  arm  68.  The  free  end  of  arm  68  includes 

The  rim  of  the  drive  wheel  40  is  crowned  to  receive  a  wheel  59  which  rolls  on  a  horizontal  surface  of  the 
a  belt  which  interconnects  the  drive  wheel  with  a  pulley  base  15.  The  axle  of  this  wheel  (pin  62  of  FIG.  5)  ex- 
wheel  41.  This  pulley  wheel  is  directly  driven  by  an  tends  into  a  slot  75.  This  slot  is  defined  between  two 
electric  motor  45.  Once  the  motor  is  activated  with  a  23  downwardly  extending  portions  73  of  the  carriage, 
disc  in  place,  the  disc  is  rotated  at  a  predetermined  rate  When  the  carriage  is  moved  to  its  full  forward  position, 
of  rotation.  the  pin  62  reaches  the  end  of  the  slot  75  and  then  the 

Referring  primarily  to  FIGS.  1  and  4,  the  carriage  17  wheel  59  is  urged  forward  (overcenter)  to  the  position 
includes  a  lower,  gene>  ally  rectangular  section  and  an  shown  in  FIG.  3.  In  this  position,  the  spring  67  urges  the 
integrally  formed  upper  carriage  section  48.  The  car-  30  lifter  arm  51  downward  and  this  provides  clamping 
riagc  17  includes  sleev  ,-s  10  which  engage  the  rails  18.  pressure  to  assure  that  the  disk  rotates  with  the  drive 
These  rails  are  mountei'  at  mounis  19  above  the  surface  wheel  42.  Once  the  overcenter  mechanism  is  locked,  the 
24  of  body  15.  Tlie  ca.nage  is  thus  able  to  move  in  a  carriage  can  move  to  position  the  hefds  on  the  disk 
reciprocating  fashion  along  the  rf.ils  from  one  end  to  the  without  unlocking  the  mechanism  since  slot  75  is  wide 
other  of  the  body  15.  T  he  carriage  17  includes  a  gener-  35  enough  to  permit  such  movement.  Wheii  the  carriage  is 
ally  centrally  disposed,  elliptically  shaped  opening  39  moved  to  its  full  rearward  position  as  Siiown  in  FIG.  4, 
(FIG.  1)  which  encircle!'  the  disc  drive  wheel  42.  the  pin  62  contacts  the  forward  end  of  the  slot  75  caus- 

The  carriage  is  driven  by  a  linear  actuator  which        ing  the  overcenter  mechanism  to  unlock  and  assume  the 
consists  of  a  stepping  motor  32,  a  lead  screw  33  and  a        position  shown  in  FIG.  4. 
lead  screw  nut  34  which  is  attached  to  the  carriage.       40      The  overcenter  mechanism  has  been  found  to  pro- 

A  pair  of  magnetic  heads  are  affixed  to  the  carriage  vide  ample  clamping  pressure,  and  as  is  apparent,  it 
on  opposite  sides  of  t:.^  drive  wheel  42.  The  first  head  operates  without  any  manual  assistance.  Ini;:>ortant]y, 
22  is  affixed  to  the  fonvard  portion  of  the  carriage  17  no  additional  actuators  are  required  since  the  mecha- 
(see  FIG.  1)  and  faces  upward  so  that  it  may  contact  the  nism  is  actuated  by  the  linear  actuator  used  to  position 
mderside  of  a  disc  engaging  the  disc  drive.  The  second  43  the  heads  on  the  disc. 

mag-^-etic  head  23  is  af!i«i:f  x  the  upper  carriage  por-  The  forwardly  extending  section  51a  of  the  arm  51 

tion  48  and  faces  downward  vzh  that  it  may  engage  the  (FIG.  1)  includes  a  downwardly  facing  pad  66.  This  pad 
upper  surface  of  2  disc.  It  --&  irrportant  to  note  that  with  is  positioned  over  a  boss  65  which  extends  upwardly 
this  arrangement  both  heac  s  remain  fixed  to  the  car-  from  the  base  15.  When  the  arm  is  in  its  lower  position, 
riage;  this  allows  the  heads  'o  remain  at  a  precise  fixed  90  the  disc  with  its  jacket  is  disposed  between  the  boss  65 
distance  from  one  another.  and  pad  66.  The  pressure  exerted  by  the  pad  against  the 

A  leaf  spring  25  extend*  from  the  upper  carriage  jacket  provides  cleaning  of  the  disk  in  a  well-known 
portion  48  as  best  seen  in  Flw.  1  to  a  position  above  the        manner. 

magnetic  head  22.  A  resilien;  pad  28  is  affixed  to  the  Another  resilient  pad  27  (FIG.  1)  is  affixed  to  a  lower 

lower  surface  of  the  spring  25  over  the  head  22.  The  35  surface  of  the  arm  51  and  when  the  arm  is  in  its  lower 
spring  25  urges  the  pad  against  ihe  disc  60  assuring  that  position,  this  pad  urges  the  disc  jacket  against  the  disc  to 
the  disc  60  contacts  the  head  22  when  the  lifter  arm  51  also  provide  cleaning.  An  upstanding  portion  of  the 
is  in  its  lower  position.  The  spring  25  passes  over  a  body  15  extends  upward  below  the  pad  27  to  provide  a 
portion  51c  (See  FIG.  1)  of  the  arm  51,  and  thus  when  lower  surface  upon  which  the  disc  jacket  rests. 
the  arm  is  raised,  as  best  shown  in  FIG.  4,  the  pad  28  is  60  The  portion  51c  of  the  lifter  arm  includes  a  pair  of 
moved  away  from  the  disc.  This  prevents  interference  concentric  bores  63  and  64,  best  seen  in  FIG.  6.  Bore  64 
between  the  disc  and  the  pad  28  when  the  disc  is  in-  receives  the  shaft  82  of  the  clamper  70.  The  annular 
sert^  or  removed.  Another  spring  26  (see  FIG.  4)  shoulder  between  the  bore  63  and  64  provides  a  surface 
mounted  to  the  carriage  includes  an  upwardly  facing  for  locking  the  flared  end  of  the  split  shaft  82. 
resilient  pad  29.  Spring  26  urges  the  disc  (through  pad  63  Tlie  clamper,  best  seen  in  FIGS.  8  and  10,  is  a  mended 
29)  against  the  head  23.  The  body  15  defines  two  down-  plastic  part  which  includes  the  shaft  82  with  its  flared 
wardly  facing  cams  38.  When  the  carriage  is  moved  end,  and  a  plurality  of  flexible  fingers  78.  In  the  pres- 
rearwardly  (in  the  direction  indicated  by  arrow  84)  the        oitly  preferred  embodiment,  clamper  70  is  formed  out 
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of  NORYL  731,  a  tradename  of  the  General  Electfic,  In  operation,  prior  to  the  mscrtion  of  a  disc,  the  car- 

Co.  An  annular  surface  80  is  formed  about  the  fingers  78  riage  is  driven  by  the  linear  actuator  (motor  32  and  lead 
and  is  made  to  cooperatively  engage  the  surface  46  of  screw  33)  to  its  full  rearward  position  as  shown  in  FIG. 
the  drive  wheel  42.  The  clamper  70  includes  a  plurality  4.  This  causes  the  lifter  arm  51  to  be  moved  to  its  up- 
of  concentrically  disposed  teeth  76  which  lockingly  5  ward.  In  this  position,  the  clamper  70  is  moved  clear  of 
engage  nub  44  to  provide  coupling  between  the  clamper  the  drive  wheel  42  and  the  pads,  such  as  pad  28  and  29 
and  the  drive  wheel.  In  operation,  as  will  be  discussed,  are  moved  clear  of  the  magnetic  heads.  A  disc  may  be 
the  centering  cylinder  53  surrounds  the  outside  circum-  inserted  into  the  d:ic  drive  along  the  grooves  21  shown 
ference  of  teeth  76  to  insure  that  clamper  70  remains        in  FIG.  5. 

substantially  centered  in  the  middle  of  the  spindle  as-  10  Once  the  disc  is  in  place,  the  linea/  actuator  is  acti- 
sembly,  thereby  maintaining  the  disk  in  an  on-center  vated,  causing  the  carriage  to  move  forward.  Upon  the 
configuration.  A  thrust  bearing  71  is  disposed  between  ^^^  forward  movement  of  the  carriage,  the  wheels  59 
washers  72  on  the  shaft  82  when  the  clamper  engages  ™''  forward  leaking  the  overcenter  mechanism  Qifter 
the  bore  64.  This  permits  the  clamper  to  freely  rotate       "'™  down). 

below  the  arm  51.  IS      Refening  to  FIG.  6,  with  disc  60  inserted  with  the 

One  advantage  to  the  clamper  70  is  its  ease  of  assem-  ^^  drive,  the  aperture  of  the  disc  should  be  concentric 
bly  onto  the  lifter  arm.  The  washers  and  thrust  bearing  ^*  **  **"^*  wheel  42.  In  this  position,  the  edge  of  the 
71  are  placed  on  the  shaft  82  and  then  the  shaft  82  is  ^^  aperture  should  precisely  rest  on  annular  surface 
snapped  into  locking  cngsgement  within  the  bores  63  **•  As  clamper  70  moves  downward,  centering  cylinder 
and  64.  The  shaft  82  b  a  spjt  member;  there  is  sufficient  ^  ^  surrounds  the  outer  circumference  of  teeth  76  to 
resUiency  for  the  flared  end  of  the  shaft  to  readUy  pass  "*^^*  ^^  clamper  70  is  precisely  aligned  with  drive- 
through  bore  64  before  the  flared  end  locks  on  the  ****^'  *^-  ^"  Practice,  it  has  been  found  that  without 
shoulder  defined  between  bore  63  and  64.  cylmder  53  nub  44  during  operaUon  tends  to  drive 

Referring  to  FIGS.  1,  2,  and  11,  the  ejector  body  89  .  cl^iper  70  off-center  relative  to  drive  wheel  42.  Typi- 
comprises  an  elongated  molded  plastic  member  defining  ^^  ^Z*  •  ^^'"  of  clamper  70  as  they  move  down- 
upper  claws  91  and  a  lower  claw  92  at  one  end.  and  a  ward  into  recess  43,  urge  the  disc  into  concentric  regis- 
perpendicuhu-ly  disposed  finger  95  at  the  other  end.  A  ^,  *"h  the  dnvewheel.  How:.-ver,  the  use  of  centering 
notch  90  is  cut  into  the  disc  jacket  to  allow  claw  92  to  <^'"de'  53  insures  that  precise  alignment  and  a  direct 
more  securely  grip  the  jacket.  The  elongated  ejector  „  engagement  bet  ween  teeth  76  and  nub  44  is  achieved 
body  89  slides  within  a  track  97.  Tne  track  is  defined  by  '°  ^^i^  ^  f  ^l"^^^•  -^       »,   ^      •  u  .. 

a  an  upstanding  portion  of  the  body  member  15.  A  small  ,„  Z  ^.  ^  "  t"^  ^'"""^A  '  r^'u '  V  ^*'** 
plate  102  and  a  s^ew  101  retain  the  ejector  body  within  ^f^^^!;!'^'^''  !TT  "^^"f.^f-  '**"  h"?5? 
the  track  97.  One  end  of  a  spring  93  is  coupl*^  to  the  'tfJ^^^  TZ^  surface  46  of  the  drive  whc«1 42. 
»i^.t,.r  K«/^«  t>,.  ,,*k-,-«j  Ip^u--       •      •  J  .  A*^'  ^e  °"t'  ^  »  urged  mto  engagement  with  the 

Sffn^/iJ.rtini  nf  f^^^  "  "^"^  '°  ^'  '^'^  7«  ^^  ^«  ^^W.  thereby  providing  positive 

t^^  I^^  K^T  ??.  L  ^K  V^""u^  "^^^  ^"PJ^S  ^'^^^  *«  Samper  and  the  drive  wheel  As 
w^crr^^^th^^^l^  "*^'*^*''*"  ^»  ^  apprecUted,  the  dlTect  coupling  between  the 

xS   ^t?iT        f  ^  I     -  ««     UM  clamper  and  the  drive  wheel  provides  a  driving  force  of 

twJl^^      f^   ""     °Tm  w?^^  ^^  magnitude  on  both  surfaces  of  the  disk.  TTie 

AecaragemcludesaramprnWhenadiscisin^erted  40  springs  67  provide  sufficient  pressure  to  assure  that  the 
mtothednve.themanualinserUonofthediscurg«the        disc  60  rotates,  without  slippage,  between  with  the 
finger  95  over  ramp  99  and  causes  it  to  be  Utched  be-        drive  wheel  42  and  clamper  m 
hmd  the  ramp.  The  ramp  100  when  movmg  m  the  direc-  with  reference  once  again  to  FIG.  1,  the  linear  actua- 

teon  of  arrow  84^  lifts  the  fmger  from  its  latched  posi-  tor  drives  the  carriage  fully  forward  untU  a  wedge 
don,  allowmg  the  sprmg  to  move  the  body  member  43  shaped  blade  57  formed  integrally  with  the  carriage 
forward  thereby  ejectmg  the  disc.  (Note  when  the  ramp  interrupts  a  light  beam  within  a  calibration  photosensor 
100  moves  m  the  direction  opposite  to  arrow  84.  it  does  53.  Photo-sensor  58  is  mounted,  in  the  presently  pre- 
not  affect  the  latched  fmger  93.)  The  operation  of  the  ferred  embodiment,  to  the  base  15  generally  adjacent  to 
ejector  mechanism  shall  be  described  in  greater  detaU  in  the  carriage  near  boss  65.  As  illustrated  in  FIG.  12, 
conjunction  with  HG.  9.  50  photo-sensor  58  is  generaHy  U-shaped  and  includes  a 

Refemng  now  to  FIG.  1,  the  disc  dnvc  mcludcs  photo-emitter  61,  such  as  for  example  an  LED,  and  a 
function  switches  107  and  108.  When  a  disc  is  inserted  corresponding  photo^etector  71.  Emitter  61  and  detec- 
mto  the  dnve,  these  switches  are  opened  (the  jacket  tor  71  are  spaced  apart  so  as  to  alJow  blade  57  to  pass 
moves  the  contai:ts  apart)  unless  a  notch  is  into  the  therebetween.  Once  the  carriage  moves  forward  suffi- 
jacket.  In  FIG.  1,  a  notch  60a  is  shown  around  switch  55  ciently  to  interrupt  the  light  beam,  electrical  circuitry 
108  to  illustrate  that  with  this  notch,  switch  108  remains  driving  motor  32  senses  tliis  interruption  and  the  posi- 
closed.  These  switches  may  be  used  in  a  plurahty  of  tion  of  the  carriage  is  calibrated.  Thus,  both  magnetic 
different  ways.  One  switch  is  used  for  a  protective  fimc-  heads  arc  in  predetermined  positions  with  respect  to  the 
tion  and  prevents  erasing  of  certtin  discs,  for  example,  drive  wheel  and  disc,  such  that  the  position  of  the  car- 
those  containing  programs.  It  will  be  appreciated  that  60  riage  relative  to  the  disc  tracks  may  be  determined  after 
while  switches  107  and  108  are  used  in  the  presently  its  subsequent  movement  along  the  rails  18. 
preferred  embodiment,  both  switches  may  be  replaced  The  motor  45  may  now  be  actuated  and  the  disc 

with  a  light  emitting  diode  (LED)  and  photodector  brought  up  to  speed.  The  carriage  is  moved  by  the 
combination  to  achieve  substantially  the  same  result.  linear  actuator  to  the  desired  track  to  allow  information 
Thus,  upon  insertion  of  a  disk  into  the  drive,  the  disk  65  to  be  read  from  or  written  onto  the  disc  in  a  well-known 
jacket  would  interrupt  the  beam  emitted  by  the  LED  manner.  Of  course,  with  the  opposite  facing  heads  22 
and  thereby  open  or  close  the  circuit  m  accordance  and  23  both  sides  of  the  disc  can  be  accessed  without 
with  the  particular  function  desired.  removal  of  the  disc. 
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When  it  becomes  necessary  to  remove  the  disc,  the  carriage  to  its  full  rearward  position  causes  pivotal 

linear  actuator  drives  the  carriage  U>  its  full  rearward  movement  of  said  arm,  said  pivotal  movemenl 

position  as  shown  in  FIG.  4,  causing  the  lifter  arm  to  occurring  only  when  said  carriage  is  at  its  full  rear- 

raise,  thereby  freeing  the  disc.  ward  position,  thereby  causing  said  clamper  to 

Referring  now  to  FIG.  9.  as  mentioned,  as  the  disc  is  5  move  into  said  engagement  with  said  drive  wheel 

initially  inserted,  the  ejector  body  89  is  moved  rear-  and  to  lift  from  said  engagement, 

wardly  tensioning  spring  93.  The  finger  95  is  shown  in  whereby  said  disc  is  automatically  clamped  for  rota- 

three  positions  in  FIG.  9  to  illustrate  its  movement.  tion  when  said  linear  actuator  is  actuated. 

Finger  95fl  illustrates  the  posit^nofthefmger  when  the  2.  The  disc  drive  defmed  by  claim  I  wherein  said 

disc  is  first  inserted.  As  the  ejector  body  is  moved  rear-  10  drive  wheel  includes  an  annular  outer  surface  upon 
wardly  by  the  disc  the  finger  moves  over  the  ramp  99  which  said  disc  rests  and  a  recessed  surface  witliin  said 
and  locks  behind  the  ramp  as  shown  by  finger  9Sb.  annular  surface,  and  wherein  said  clamper  includes  an 
When  the  ramp  100,  which  is  part  of  the  carriage,  outer  annular  surface  for  engaging  said  annular  surface 
moves  rearwardly,  it  urges  the  finger  over  the  ramp        of  said  drive  wheel. 

(finger  35c)  allowing  the  spring  93  to  pull  the  ejector  15  3.  The  disc  drive  deitned  by  claim  2  wherein  said 
body  forward,  ejecting  the  disc.  Angle  96  illustrates  the  clamper  includes  resilient  fingers  which  extend  into  said 
ejector  cam  angle,  formed  when  the  ramp  100  urges  the  recess  of  said  drive  wheel  when  said  clamper  is  in  said 
finger  from  behind  the  ramp  99.  engagement  with  said  drive  wheel,  said  fingers  for  pro- 

Thus,  a  disc  drive  has  been  described  which  permits        viding  alignment  of  said  disc  on  said  drive  wheel, 
access  to  both  sides  of  a  disc.  A  single  linear  actuator  20      4.  The  disc  drive  defined  by  claim  3  including  a  thrust 
drives  both  magnetic  heads,  provides  clamping  for  the       bearing  disposed  between  said  clamper  and  said  lifter 
disc  and  triggers  the  ejector  mechanism.  The  disc  drive       arm. 

has  numerous  features  which  makes  it  easy  to  assemble  5.  The  disc  drive  defined  by  claim  1  including  cou- 

and  which  provide  high  reliability.  pling  means  on  said  clamper  and  said  disc  wheel  to 

We  claim:    ^  25  assure  rotation  of  said  clamper  with  said  drive  wheel 

1.  A  disc  drive  comprising:  when  said  clamper  is  in  said  engagement  with  said  drive 

a  base;  wheel, 

a  drive  assembly  including  a  drive  wheel  for  engag-  6.  The  disc  drive  definf^  by  claim  1  wherein  said 

ing  ard  routing  a  disc,  said  drive  assembly  being        carriage  extends  about  opposite  sides  of  said  drive 

moun  ed  to  said  base;  30  wheel  and  wherein  said  one  magnetic  head  is  mounted 

a  carriage  assembly  mounted  on  said  base  for  recipro-        on  said  carriage  on  one  side  of  said  drive  wheel  to  cn- 

cating  movement;  gage  one  surface  of  said  disc  and  wherein  a  second  head 

a  linear  actuator  coupled  to  said  base  for  driving  said        is  mounted  on  said  carriage  on  the  opposite  side  of  said 

carriage  in  said  reciprocating  movement;  drive  wheel  to  engage  the  opposite  side  of  said  disc. 

at  least  one  magnetic  head  mounted  on  said  caniage  35       7.  The  disc  drive  defmed  in  claim  1  further  compris- 

for  engaging  said  disc;  ing:' 

a  lifter  arm  pivotaily  mounted  on  said  base;  an  ejector  means  for  ejecting  said  disc  from  said  disc 

a  clamper  rotatably  mounted  on  said  lifter  arm   uch  drive,  said  ejector  means  being  tripped  by  said 

that  as  said  lifter  arm  pivots  toward  said  drive  carriage  movement  thereby  causing  said  disc  to  be 

wheel,  said  clamper  is  brought  into  engagement  40  ejected, 

with  said  drive  wheel  with  said  disc  therebetween  whereby  said   disc  is  automatically  clamped  and 

to  assure  rotation  of  said  disc  with  said  drive  ejected  by  movement  of  said  carriage. 

w'**^!;  8,  The  disc  drive  defined  in  claim  7  wherein  said 

an  overcenter  mechanism  disposed  between  said  arm        ejector  means  is  spring-loaded  by  the  manual  insertion 
and  said  base,  said  overcenter  mechanism  being  45  of  said  disc  into  said  disc  drive, 
coupled  to  said  arm  to  control  the  pivotal  move-  9.  The  disc  drive  defined  by  claim  8  wherein  said 

ment  of  said  arm.  said  mechanism  being  capable  of       tripping  of  said  ejector  means  is  caused  by  a  ramped 
movement  actuated  by  said  reciprocating  move-        surface  on  said  carriage. 
ment  of  said  carriage  such  that  movement  of  said  •    »    •    •    • 
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[57] 


ABSTRACT 


A  microcomputer  system  with  video  display  capability, 
par*  cularly  suited  for  small  business  applications  and 
home  use  is  described.  The  CPU  performance  is  en- 
hanced by  permitting  zero  page  data  to  be  stored 
throughout  the  memory.  The  circuitry  permitting  this 
capability  also  provides  a  pointer  for  improved  direct 
memory  access.  Through  unique  circuitry  resembling 
"bank  switching"  improved  memory  mapping  is  ob- 
tained. 4-bit  digital  signals  are  converted  to  an  AC 
chroma  signal  and  a  separate  luminance  signal  for  dis- 
play modes.  Display  modes  include  high  resolution 
modes,  one  of  which  displays  80  characters  per  line. 

11  Qaims,  9  Drawing  Figures 
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1  2 

The  memory  of  the  invented  computer  is  organized 

COMPUTER  WITH  COLOR  DISPLAY  in  an  unusual  manner  to  provide  compatibility  with  the 

8-bit  data  bus  and  yet  provide  high  data  rates  (16- 

This  is  a  continuation  of  application  Ser.  No.  394.801  bits/MHz)  needed  for  high  resolution  displays.  A  first 

filed  July  2.  1982.  now  abandoned,  which  is  a  divisional  5    plurality  of  memory  devices  are  connected  to  a  first 

of  application  Ser.  No.  150.630  filed  May  16,  1980.  now  memory  output  bus;  these  memory  devices  are  also 

U  S  Pat  No  4  383,296.  connected  to  the  data  bus.  The  memory  includes  a  sec- 
ond plurality  of  memory  devices  which  are  also  con- 

BACKGROUND  OF  THE  INVENTION  nected  to  the  daU  bus;  however,  the  outputs  of  these 

The  invention  relates  to  the  field  of  digital  computers,  10  second  devices  are  coupled  to  a  second  output  memory 

particularly  microcomputers,  having  video  display  ca-  bus.  First  switching  means  permit  the  first  and  second 

nabilities  memory  buses  to  be  connected  to  the  display  for  high 

"             '  data  rate  transfers.  Second  switching  means  permit 

Prior  Art  either  one  of  the  memory  buses  to  be  connected  to  the 

In  the  last  few  years,  there  has  been  rapid  growth  in  15  data  bus  during  non^isplay  modes, 

the  use  of  digital  computers  in  homes  by  hobbyists,  for  The  addressmg  capab.hty  of  the  memory  ,s  greatly 

small  business  and  for  routine  engineering  and  scientific  enha.-,ced  not  only  through  bank  sw.chmgbu  through 

application.  For  the  most  part.  These  needs  have  been  "  "°v«;l  remapping  which  does  not  requ  re  the  CPU 

.^!„.;.,„K,   :„.,^„c;w   mi  contrcl  associated  with  bank  switchmg.  In  effect,  the 

met    with   self^ontamed,   '^>^'^^^>y   '""P^"J^  ."V"  20  "unused"  bits  from  one  of  the  first  and  second  memory 

crocomputers  or  microprocessors  wuhe^nt^l^  ^^^  remapping  purposes.  This  mode  of 

erals.  including  disc  drives  and  with  relatively  ea^^^  to  particularly  useful  for  providing  toggling 

manage  computer  programs.  The  design  of  computers  P^^,^^^  two  separate  portions  of  the  memory, 

for  these  needs  requires  considerable  ingenuity  since  ^^               subsystem  of  the  described  computer 

each  computer  must  meet  a  wide  range  of  applications  ^^     ^^^^^^^  ^-^^^  ^^,0,  3i      j  in  a  unique  manner.  A  4.bit 

and  because  this  market  is  particularly  oost  conscious.  ^^^^^  ^^^  ^  ^^^^  .^  ^^^  p^-^^  ^^^  -^  ^,^  ^^^  ^-^^  ^^^ 

A  home  or  small  business  computer  must,  for  exam-  described  display  subsystem.  However,  this  code  is  used 

pie,  operate  with  a  number  of  different  program  Ian-  ^^  generate  an  AC  chrominance  signal  and  a  separate 

guages.  including  those  requiring  relatively  large  mem-  j^^  luminance  signal.  This  provides  enhanced  color 

ones,  such  as  Pascal.  The  computer  should  interface  ^^  capability  over  similar  prior  art  color  displays, 
with  a  standard  raster  scanned  display  and  provide  a 

wide  range  of  display  capabilities,  such  as  high  density  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

alpha-numeric  character  displays  needed  for  word  pro-  pjQ  ^-^^^  j,Jqj,i,  diagram  showing  the  major  compo- 

cessing  in  addition  to  high  resolution  graphics  displays.  ^ents  and  subsystems  of  the  invented  and  described 

To  meet  these  specialized  computer  needs,  generally  35  microcomputer  system, 

requires  that  a  relatively  inexpensive  microprocessor  be  -      FIGS.  2  and  3  together  show  the  central  processing 

used  and  that  the  capability  of  the  processor  be  en-  y^jj  (CPU)  and  the  architecture  associated  with  this 

hanced  through  circuit  techniques.  This  reduces  the  CPU.  particularly  the  address  bus  and  data  bus.  FIG.  2 

overall  cost  of  the  computer  by  reducing,  for  example,  ^^  ^  circuit  diagram  primarily  showing  the  address  bus 

power  needs,  bus  structures,  etc.  Another  important  ^  ^nj  ijje  logic  means  associated  with  this  bus.  FIG.  3  is 
consideration  is  that  the  new  computers  be  capable  of       a  circuit  diagram  primarily  showing  the  data  bus  and  its 

using  programs  developed  for  earlier  models.  interconnection  with  the  memory  buses  (A  bus  and  B 

As  will  be  seen,  the  presently  described  microcom-  bus),  bootstrap  read-only  memory,  and  input/output 

puter  is  ideally  suited  for  home  and  small  business  appli-  ports. 

cations.  It  provides  a  wide  range  of  capabilities  includ-  45       FIGS.  4,  5  and  6  show  the  memory  subsystem.  FIG. 

ing  advanced  display  capabilities  not  found  in  compara-  4  is  a  circuit  diagram  primarily  showing  the  circuitry 

ble  prior  art  computers.  for  selecting  between  address  signals  from  the  address 

The  closest  prior  art  computer  known  to  applicant  is  bus  and  display  counter  signals.  FIG.  5  is  a  circuit  dia- 

commercially  available  under  the  trademark,  Apple-II.  gram  primarily  showing  the  generation  of  various  "se- 

Portions  of  that  computer  are  described  in  U.S.  Pat.  No.  50  lect"  signals  for  the  memory  devices.  FIG.  6  is  a  circuit 

4,136,359.  diagram  showing  the  organization  of  the  random-access 

^~^,^  ,^„ rx-^T^,^».T  memory  and  its  interconnection  with  the  data  bus  and 

SUMMARY  OF  THE  INVENTION  ^^^^"^  ^^^p^^  buses. 

A  digital  computer  which  includes  a  central  process-  FIGS.  7  and  8  illustrate  the  display  subsystem  of  the 

ing  unit  (CPU)  and  a  random -access;  memory  (RAM)  55  invented  computer.  FIG.  7  is  a  circuit  diagram  showing 

with  interconnecting  address  bus  and  data  bus  is  de-  the  circuitry  for  generating  the  digital  signals  used  for 

scribed.  One  aspect  of  the  present  invention  involves  the  video  display.  FIG.  8  is  a  circuit  diagram  of  the 

the  increased  capability  of  the  CPU  by  allowing  base  circuitry  used  to  convert  the  digital  signals  to  analog 

page  or  zero  page  data  to  be  stored  throughout  the  video  signals. 

memory.  Alternate  stack  locations  and  an  improved  60  FIG.  9  is  a  graph  of  several  waveforms  used  to  de- 
direct  memory  access  capabiHty  are  also  provided  by  scribe  a  prior  art  circuit  and  the  circuit  of  FIG.  8. 
the  same  circuitry.  Deti^ction  means  are  used  for  detect-  DETAILED  DESCRIPTION  OF  THE 
ing  a  predetermined  address  range  such  as  the  zero  INVENTION 
page.  This  detection  means  causes  a  special  register 

(Z-register)  to  be  coupled  into  the  address  bus.  The  65  A  microcomputer  system  capable  of  driving  a  raster 

contents  of  this  Z-register  provide,  for  example,  a  scanned  video  display  is  disclosed.  In  the  following 

pointer  during  direct  memory  access,  or  alternate  stack  description,  numerous  specific  details  such  as  specific 

locations  for  storing  daU  normally  stored  on  page  one.  part  numbers,  clock  rates,  etc..  are  set  forth  to  provide 

"APPLE_PAT_4_533_909_1 0"  1 1 05  KB  2000-02-27  dpi:  600h  x  600v  pix:  3828h  x  581 7v 

David  T  Craig    *    21  February  2004  |  Page  0276  of  051  s" 


Apple  Computer  Selected  Patents 


4,533.909 

a  thorough  understanding  of  the  present  invention.  nections  to  the  remainder  of  the  computer.  The  pin 

However,  it  will  be  obvious  to  one  sldlled  in  the  art  that  number  for  each  interconnection  is  shown  adjacent  to 

the  inventive  concepts  described  in  this  patent  may  be  the  corresponding  line.  In  many  cases,  the  nomencia- 

practiced  without  these  specific  details.  In  other  in-  ture  associated  with  the  6502A  (CPU  65)  is  used  in  this 

stances,  well-known  circuits  have  been  shown  in  block  5    application.  For  example,  pin  6  receives  the  nonmaska- 

diagram  form  in  order  not  to  obscure  the  present  inven-  ble  interrupt  signal  (NMI),  and  pin  4  is  coupled  to  re- 

tion  in  unnecessary  detail.  ceive  the  interrupt  request  signal  (IRQ).  Some  of  the 

Referring  first  to  FIG.  1,  in  general  the  described  signals  employed  with  the  CPU  65,  which  are  well- 
computer  includes  a  central  processing  unit  (CPU)  65.  known  in  the  art,  and  which  are  not  necessary  for  the 
its  associated  data  bus  42.  address  bus  46  a  memory  10  understanding  of  the  present  invention  are  not  de- 
subsystem  and  a  display  subsystem  58.  scribed  in  detail  in  this  application,  such  as  the  various 

The  address  bus  46  from  the  CPU  is  coupled  to  the  synchronization  signals  and  clocking  signals.  The  ad- 
memory  subsystem  to  permit  the  selection  of  locations  ^jress  signals  from  the  CPU  65  are  identified  as  A0-A7 
in  memory.  Some  of  the  address  signals  pass  through  a  and  Ag-Aij.  The  data  signals  associated  with  the  CPU 
multiplexer  47.  For  some  modes  of  operation,  signals  15  ^5  are  shown  as  Do-D?.  As  will  be  apparent  to  one 
from  a  register  52  are  coupled  through  the  multiple-er  ^y.^^^^^  j^  ^^^  ^^t,  the  inventive  concepts  described  in 
47  onto  the  bus  46.  The  register  52  is  identified  as  the  jj^is  application  may  be  employed  with  other  micro- 
Z-register  and  is  coupled  to  the  multiplexer  47  by  the  Z  processors. 

bus.  The  general  description  of  the  multiplexer  47  and  Referring  now  to  FIGS.  2  and  3,  the  general  architec- 

its  control  by  the  logic  circuit  41  are  de^nbedm  detail  20  ^^^^  particularly  the  architecture  associated  with  the 

m  conjunction  with  FIG.  2.  In  general,  the  circuitry  ^p^^ ^5  ^^^  ^^  ^^ ^^^  ^^ ^^^^^^^ ^j      ,5  Ao-Avare 

shown  to  the  left  of  the  dotted  Ime  53  is  included  in  .^^  ^^  ^  ^^^^^  ,^3  ^    ^^^  ^^^  ^^^^^  primarily  in 

no-  2  while  the  CPU  65.  memory  50  data  bus  42  and  ^^^  j.  These  address  signals  are  also  coupled  to  the 

multiplexer  43  arc  shown  in  detail  ^nFlG  3.  ^^^  g^  ^^  ^.  ^^^^  ^^^      ^^^^    ^^-      ^j,^^     j^  ^j,^ 

^cn"^'""  *'"'  ^^?  k'*"^                 readonly  mem-  25  ^^^^^  ^^3  ^^^  ^^          ^^  ^^^  ^            subsystem.  The 

ory  50.  The  output  of  this  memory  is  coupled  to  the  ^                             ^^^^^^  ^.^^^  ^^^ 

computer  sdau  bus  42^  The  read-only  memory  (ROM)  ^        Ines  shown  in  FIG.  2  to  the  multiplex- 

50,  as  will  be  descnbed,  stores  test  routmes.  and  other  *:.       ^  a^l  -rx.          .    .      e  .x.    t       •  *     e  1    r 

J  '      -               1  u     .  .           .       f          .—••.•  1-  ers  47fl  and  47/».  The  contents  of  the  Z-register  52  of 

data  of  a  general  bootstrap  nature  for  system  init.al.za-  ^^  ^^  ^  .^  ^,^^  ^^^^^^^^  ^^  ^^^  multiplexers  47a  and  Alb 

'The  data  bus  42  couples  data  to  the  random-access  ^^i^'^f  the  Z-bus  (Z1-Z7).  The  multiplexers  47a  and 
memory  (RAM)  60  and  to  and  from  I/O  ports.  This  bus  f  *  allow  the  selection  of  either  the  signals  Ag-A,, 
also  couples  data  to  the  Z-register  52  and  other  com-  ^'^"^'^^^^^J^  °'  '^f  ^T^^.^^  ^  Z-register 
monly  used  registers  not  illustrated.  The  data  bus  42  (J, -Z7)  for  addressing  the  RAM  60  The  output  of 
receives  '*at3  ff^m  th-  »  ^M  60  t>"-Au<,h  t^'e  *  h..«:  a^d  ^5  ^^^^  multiplexers  are  shown  as  Ag-Ais;  this  designa- 
B  bus  which  are  selected  by  multiplexe"  43.  The  periph-  ^^o"  «  "^ed  even  when  the  Z-bus  is  selected.  Note  in  the 
eral  bus  N2  is  used,  as  is  better  illustrated  in  FIG.  3.  for  ^^se  of  the  Zo  signal,  this  signal  is  coupled  to  the  multi- 
coupling  to  peripherals.  P^"^^  ^'^<^  through  the  exclusive  OR  gate  90  for  reasons 

The  memory  subsystem  is  shown  in  detail  in  FIGS.  4.  ^^ich  are  explained  later.  The  address  signals  Ag-Aji 
5  and  6.  The  address  control  means  which  receives  40  are  also  coupled  to  the  ROM  50,  thus  the  signals 
addresses  on  bus  46,  makes  the  final  selection  of  mem-  Ao-Ai  j  are  used  for  addressing  the  ROM  50.  The  sig- 
ory  locations  within  the  RAM  60.  Bank  switching.  nals  Ag-Ais  are  connected  to  the  logic  circuit  shown  m 
addressing  for  display  purposes,  scrolling  and  other  the  lower  left-hand  comer  of  FIG.  2;  this  logic  circuit 
memory  mapping  is  controlled  by  the  address  control  corresponds  to  the  logic  circuit  41  of  FIG.  1. 
means  59  as  will  be  described  in  greater  detail  in  con-  45  The  >nP"t  and  output  data  signals  from  the  CPU  65 
junction  with  FIGS.  4  and  5.  The  RAM  60  is  shown  in  are  coupled  by  a  bidirectional  bus  to  the  bidirectional 
detail  in  FIG.  6.  The  counter  58  which  is  sychronized  buffer  99  (FIG.  3).  This  buffer  is  selectively  disabled  by 
with  the  horizontal  and  vertical  display  signals,  pro-  gate  100  to  allow  the  output  of  ROM  50  to  be  communi- 
vides  signals  both  to  the  address  control  means  59  and  ca^ed  to  CPU  65  and  durmg  other  times  not  penment  to 
to  the  display  subsystem  48.  50  'he  present  discussion.  The  direction  of  flow  through 

The  display  subsystem  receives  data  from  the  RAM  the  buffer  99  is  controlled  by  a  read/write  signal  cou- 
60  on  the  A  bus  and  B  bus  and  converts  these  digital  pled  to  the  buffer  through  inverter  101.  Data  from  the 
signals  to  video  signals  which  control  a  standard  raster  CPU  65  is  coupled  through  the  buffer  99  and  bus  42  to 
scanned  display.  A  standard  NTSC  color  signal  is  gen-  the  RAM  60  or  to  I/O  ports.  Data  from  the  RAM  60  is 
erated  on  line  19?  and  a  black  and  while  video  signal  on  55  communicated  to  CPU  65  or  bus  N2  from  the  A  bus  and 
line  198.  The  same  signals  used  to  generate  these  video  B  bus  through  the  buffer  99.  The  4  lines  of  the  A  bus  and 
signals  can  be  used  to  generate  separate  red.  green,  blue  4  lines  of  the  B  bus  are  coupled  to  the  multiplexer  43a. 
(RGB)  video  signals.  The  display  subsystem  48  receives  Similariy,  the  other  4  lines  of  the  A  and  B  buses  are 
numerous  timing  signals  including  the  standard  color  coupled  to  the  multiplexer  AZb.  Multiplexers  43a  and 
reference  signal  shown  as  3.5  MHz  (C3.5M).  This  sub-  60  43/>  select  the  8  lines  of  the  A  bus  or  B  bus  and  commu- 
system  is  described  in  detail  in  FIGS.  7  and  8.  nicate  the  data  through  to  buffer  99  and  bus  42.  These 

^«-»»*mrT-cD  A  Di-m-T'c.'^T^Tnc  multiplexers  are  selectively  disabled  (for  example,  dur- 

COMPUTER  ARCHITECTURE  i„g  writing)  by  gate  102.  As  will  be  described  later,  the 

In  the  presently  preferred  embodiment,  the  CPU  65  16  lines  of  the  A  bus  and  B  bus  permits  the  reading  of 
(microprocessor)  employed  with  the  described  com-  65  16-bits  from  the  RAM  at  one  time.  This  provides  a  data 
puter  is  a  commercially  available  component,  the  rate  of  16-bits/MHz  which  is  necessary,  for  example. 
6502A.  This  8-bit  processor  (8-bit  data  bus)  which  has  a  for  an  80  character  per  line  display.  The  data  is  loaded 
16-bit  address  bus  is  shown  in  FIG.  3  with  its  intercon-        into  the  RAM  60,  8-bits  at  a  time. 


"APPLE_PAT_4_533_909_1 1 "  1 21 9  KB  2000-02-27  dpi:  600h  x  600v  pix:  3768h  x  5826v 


David  T  Craig    *    21  February  2004  |  Page  0277  of  051  s' 


Apple  Computer  Selected  Patents 


5. 


4,533.909 


6 

The  ROM  50,  as  mentioned,  stores  test  programs.  Next  assume  that  page  one  has  been  selected  by  the 

data  needed  to  initialize  various  registers,  character  CPU  and  that  the  ALT  S7K  signal  ts  low  mdicatmg 

generation  data  (for  RAM  162  of  FIG.  7)  and  other  the  ahernate  stack  '^^''^"f^^^Vf  ^ctk"^^^^^       w!.' 

felated  data.  Specific  programs  employed  in  the  pres-  set  by  the  CPU  to  change  the  ALT  STK  signal)  Smcc 

TnOrpreferred  embodiment  of  the  computer  are  set  5    the  aTH^  signal  .s  low  and  Ag  .s  high,  a  high  out- 

?o   h  in  Table  1  of  U.S.  Pat.  No.  4.383,296.  The  ROM  -    pul  occurs  from  the  gate  81.  All  the  mputs  to  gat«^83 

Ms  Elected  by  control  signals  coupled  to  its  pins  18  and  84  are  low,  therfore.  h.gh  ou  puts  occur  from  toth 

and  20   identified  as  signals  ROM  SEL  and  THOM  these  gates.  Tht  condi  ions  of  gate  87  are  met.  causing 

.      .  ^  oncvi  a  piuia.iy  v/                      J  gg  ^    2.bus  IS  thus  Selected  by  the 

read-only  memories  may  »^"^.^°;  !»^^^^^^^  multiplexers  47^  and  476.  This  allows  the  contents  of 

the   presently    preferred                           commercially  ^^^  ^P               ^^  ^  ^^^  ^  ^^^^^^^^  j^^^.^^^   ^^^^ 

available  Part  No.  SY2333  is  used.  ^                       ^^^^^^^  ^^    invtttin^  As-  The 

Refcrnng  now  to  th«  logic  circui   O^wer     ^^^^^^^^  excJiv'e  OR  gate  90  acts  as  a  selective  inverter.  If  As 

comer  of  FIG   2),  the  NAND  gate  81  receives  the  j^^igh  and  Zoislow.  then  Agat  theoutput  of  themulti- 

address  signal  A^^also  the  f"^.  f  ^^  sig^^  S    ^^^^.^^  ^^  J^^    ^^^^  ^j,^^  ^^^^       ^^^^ 

identified  as  ALT  STK.  The  output  of  this  gate  pro-  ^^^^^.^^  ^^^^  ^^  .^  ^^^^  ^^^  ^  ^j^^^,  ^^  ^.^^^^j^  ^^^. 

vides  one  input  to  the  AND  gate  87.  The  Ag  signal  is  -^^^  jhrough  gate  90  to  the  output  of  multiplexer 

also  coupled  through  the  inverter  82  to  one  input  termi-  mmii««cu  i        g    ^                           f                 '^ 

nal  of  the  NAND  gates  85  and  86.  The  address  signals  ^^      ^^^  ^^^  j     j^  ^j,^„i„  a,o„g  ^.^^  the  ALT  STK 

A9  and  A 10  are  coupled  to  the  input  terminals  of  the  ^          ^^^^^^  alternate  stack  locations  to  be  selected 

NOR  gate  83.  The  output  of  this  gate  is  coupled  to  one  jj^^ough  the  Z-bus.  This  further  enhances  the  perfor- 

input  terminal  of  the  NAND  gates  85  and  86  and  the  ^^^^^  ^^  ^^^  ^p^j  ^^^^^  ^^^j^j  otherwise  be  limited  to 

AND  gate  87.  The  address  signals  Aii-A  15  are  coupled  ^^^  ^^^  ^^^  ^^^^^  locations. 

to  the  input  terminals  of  the  NOR  gate  84.  The  signal  ^^      :^^  j^^j^  circuit  of  FIG.  2  is  also  used  along  with  the 

All  is  also  coupled  to  an  input  terminal  of  the  NAND  z.fegister  to  provide  a  pointer  during  direct  memory 

gate  85.  access  (DMA).  Assume  that  direct  access  to  the  com- 

The  outputs  of  the  AND  gates  87  and  88  (through  puter's  memory  is  required  by  a  peripheral  apparatus. 

NOR  gate  89),  controls  the  multiplexers  47fl  and  476.  j^  initiate  the  DMA  mode  the  CPU  provides  an  ad- 

When  the  output  of  gate  89  is  low  the  Z-bus  is  selected,  ^  ^^^^  between  F800  and  F8FF.  Through  a  logic  circuit 

otherwise  the  address  signals  from  the  CPU  65  are  se-  ^^j  illustrated  in  FIGS.  2  and  3,  the  ROM  SEL  signal  is 

lected.  brought  low  for  addresses  between  FOOD  and  FFFF. 

The  logic  circuit  above-described,  along  with  the  jj^js  signal  is  communicated  to  gate  93  and  causes  the 

Z-bus  and  Z-register  provide  enhanced  performance  for  output  of  gate  92  to  rise  (DMAl  is  high  at  this  time), 

the  computer.  First,  this  circuit  permits  the  zero  page  or  35  j^js  rise  in  potential  is  communicated  to  one  input  of 

base  page  data  to  be  stored  throughout  the  RAM  60  .u^  g^.g  55  Additionally,  g.ite  85  senses  that  the  address 

rather  than  just  on  zero  page.  Secondly,  this  circuit  bits  Ag,  Agand  Ajoare  low  This  information  is  coupled 

enables  addressing  of  alternate  stack  locations  (other  ^^  g^te  85  through  the  inverter  82  and  the  NOR  gate  83 

than  page  one).  Lastly,  this  circuit  through  the  Z-regis-  ^s  high  signals.  Also  the  fact  that  An  is  high  is  directly 

ter  provides  a  RAM  pointer  for  direct  memory  access  40  communicated  to  gate  85  Thus  with  the  address  be- 

(DMA).  tween  F800  and  F8FF  the  DMA  OK  signal  drops  in 

Assume  for  purposes  ofdiscussion  that  the  CPU  65  is  potential.  This  is  sensed  by  the  peripheral  apparatus 
addressing  the  zero  page  ofmemory.  That  is.  the  higher  which  in  turn  causes  the  DMA  1  signal  to  drop  and 
order  address  bits  Ag-Ajs  are  all  zeros.  The  zeros  for  provides  a  ready  signal  to  the  CPU  65.  With  the  com- 
A9-A15  are  detected  by  the  gates  83  and  84.  If  all  the  45  pietion  of  this  handshake.  daU  may  begin  to  be  trans- 
inputs  to  these  gates  are  zeros,  the  outputs  of  these  gates  ferred  to  the  RAM. 

arc  high  which  condition  is  communicated  to  the  gate  The  DMA  1  signal  through  gate  93  and  inverter  93 

87.  Ag  which  is  also  low,  insures  that  the  output  of  gate  forces  the  T  ROM  SEL  signal  low.  This  signal  in  addi- 

81  will  be  high.  Thus,  all  the  inputs  to  gate  87  are  high.  tion  to  being  communicated  to  the  ROM  50.  is  coupled 

causing  the  signal  at  the  output  of  the  gate  89  to  drop.  50  to  the  buffer  99  through  gate  lOQ,  disabling  this  buffer 

When  this  occurs,  the  Z-bus  is  selected.  Instead  of  all  (during  the  reading  of  ROM  50).  Also,  the  ready  signal 

the  binary  zeros  from  the  CPU  being  couried  to  the  causes  the  CPU  to  come  to  a  hard  stop.  Importantly,  the 

main  memory  (RAM  60),  the  contents  of  the  Z-register  DMA  1  signal,  after  passing  through  the  inverter  94  and 

form  part  of  the  address  for  the  memory.  Therefore,  the  gates  88  and  89,  assures  the  selection  of  the  Z-rcgts- 

cven  though  the  CPU  65  has  selected  the  zero  page.  55  ter.  The  contents  of  the  Z-register  are  fixed  and  provide 

nonetheless  data  may  be  written  into  or  from  any  loca-  a  pointer  to  a  page  in  the  RAM. 

tion  of  RAM  60  (including  the  zero  page).  This  en-  Under  the  above  conditions,  the  CPU  increments  the 

hances  the  performance  of  the  CPU,  since  for  example.  lower  8-bits  of  the  address  signal.  The  ROM  50  fur- 

the  time  consumed  in  shifting  data  to  and  from  a  single  nishes  the  instructions  for  incrementing  the  address, 

zero  page  is  minimized.  60  specifically  SBC  #1  and  BEQ.  The  peripheral  appara- 

Normally.  the  CPU  65  selects  page  one  for  stack  tus  provides  the  data  or  receives  the  data  in  synchrom- 

locations.  This  occurs  when  Ag  is  high  and  A9-A15  are  zation  with  the  CPU  operation.  The  peripheral  also 

low.  Assume  first  that  the  alternate  stack  locations  have  furnishes  a  read/write  signal  to  indicate  which  opera- 

not  been  selected.  Both  inputs  to  gate  81  are  high  and  its  tion  is  to  occur.  Data  is  then  written  into  RAM  via-bus 

output  is  low.  The  low  input  to  the  gate  87  prevents  the  65  N2  and  bus  42,  or  read  from  RAM  via  the  A  and  B  buses 

selection  of  the  Z-bus.  Thus,  for  these  conditions  the        and  bus  N2.  „«„„.,„^t 

address  signals  A0-A7  select  stack  locations  on  page  Importantly,  with  the  above  DMA  arrangement. 

^^^         *  addresses  from  the  peripheral  apparatus  are  not  neces- 

"APPLE_PAT_4_533_909_1 2"  1 201  KB  2000-02-27  dpi:  600h  x  600v  pix:  3793h  x  5825v 

David  T  Craig    *    21  February  2004  |  Page  0278  of  051  s" 


Apple  Computer  Selected  Patents 


4,533,909 


8 


sary  and  the  2-register  is  used  to  provide  a  pointer  to  a 
page  in  RAM  60. 

MEMORY  SUBSYSTEM 

The  memory  subsystem  shown  in  FIG.  1  as  the  ad- 
dress control  means  59  and  RAM  60  is  illustrated  in 
detail  in  FIGS.  4,  5  and  6  as  mentioned.  In  FIGS.  4  and 
5,  the  memory  control  means  is  shown,  while  in  FIG.  6 
the  memory  devices  and  their  organization  are  illus- 
trated. The  address  control  means  of  FIGS.  4  and  5 
receives  the  address  signals  from  the  CPU  65  (A0-A15), 
the  count  in  the  vertical  and  horizontal  counters 
(counter  58  of  FIG.  1)  which  are  used  during  display 
modes,  control  signals  from  the  CPU  and  other  signals 


devices  in  FIG.  6  are  not  illustrated.  However,  in  the 
lower  right-hand  corner  of  FIG.  6,  the  various  signals 
applied  to  each  device  (including  the  address  signals), 
along  with  the  corresponding  pin  numbers  are  shown. 

5   Other  circuitry  not  illustrated  is  the  refresh  control 

circuitry  which  operates  in  a  well-known  manner  in 

conjunction  with  the  CAS,  RAS  and  address  signals  to 

refresh  the  dynamic  devices. 

Each  row  of  memory  devices  106  receives  a  unique 

10  combination  of  CAS  and  RAS  signals.  For  example,  row 
111  receives  CAS  5,  7  and  RAS  4,  5;  similariy.  row  112 
receives  CAS  0  end  RAS  0,  3.  The  generation  of  these 
CAS  and  RAS  signals  is  described  in  conjunction  with 
FIG.  5.  These  signals  (along  wi  h  the  14-bit  address 


In  general,  this  control  means  develops  the  address  15  signals)  permit  the  selection  of  a  single  8-bit  location  in 
signals  which  are  coupled  to  the  RAM  of  FIG.  6  includ- 
ing the  column  address  and  row  address  signals,  com- 
monly referred  to  as  CAS  and  RAS.  Other  related  func- 
tions are  also  shown  in  FIGS.  4  and  5,  such  as  the  cir- 
cuitry which  provides  display  scrolling,  indirect  RAM  20 
addressing  and  memory  mapping. 

The  CPU  65  of  FIG.  3  provides  a  16-bit  address  for 
addressing  the  memory.  Under  ordinary  circumstances 
this  address  limits  the  memory  capacity  to  64  K  bytes 


the  96K  byte  memory  (for  writing)  and  also  the  selec- 
tion (for  reading)  of  16-bit  locations. 

The  memory  of  FIG.  6  may  be  expanded  to  a  128K 
byte  memory  by  using  32K  memory  devices,  such  as 
Part  No.  4132.  In  this  case,  four  rows  of  eight,  32K 
memory  devices  are  used  with  each  row  receiving  two 
CAS  and  RAS  signals. 

Before  reviewing  FIG.  4,  a  general  understanding  of 
the  organization  of  the  display  is  helpful.  The  display. 


This  size  memory  is  insufficient  in  many  applications,  as  25  during  certain  modes,  is  organized  mto  80  horizontd 
for  example,  to  effectively  use  the  Pascal  program  Ian-  '  "'         '    *  '        * 

guage.  As  will  be  described  in  greater  detail,  the  address 
control  means  of  FIGS.  4  and  5  enable  the  use  of  a 
memory  having  a  96K  byte  or  128K  byte  capacity.  One 
well-known  technique  which  is  used  with  the  present  30 
invention  for  increasing  this  capacity  is  bank  switching; 
this  switching  occurs  under  the  control  of  the  CPU.  In 
addition,  the  address  control  means  uses  a  unique  indi- 
rect addressing  mode  which  provides  the  benefits  of 
bank  switching,  however,  this  mode  does  not  require  35 
CPU  control.  This  greatly  enhances  CPU  operation 
with  the  larger  memory  (as  will  be  described)  when 
compared  to  the  CPU  controlled  bank  switching. 
Referring  first  to  FIG.  6,  the  RAM  configuration  is 


segments  and  24  vertical  segments  for  a  total  of  1920 
blocks.  U-bits  of  the  counter  58  of  FIG.  1  are  used  as 
part  of  the  address  signals  for  the  memory  to  access  data 
for  displaying  during  these  modes.  These  counter  sig- 
nals are  shown  in  FIG.  4  as  Ho-Hs  and  V0-V4.  During 
other  display  modes  each  horizontal  segment  is  further 
divided  into  8  segments  (e.g.  for  displaying  80  alpha 
numeric  characters  per  line).  This  requires  3  additional 
vertical  timing  signals  shown  as  V^,  V^  and  Vc  in 
FIGS.  4  and  7. 

Often  in  the  prior  art,  two  separate  counters  are  used 
to  supply  the  timing/address  signals  for  accessing  a 
memory  when  the  data  in  the  memory  is  displayed.  The 
count  in  one  counter  represents  the  horizontal  lines  of 


illustrated  for  a  capacity  of  96K  bytes.  The  memory  is  40  the  screen  (vertical  count)  and  the  ether  the  position 


organized  into  six  rows,  each  of  which  includes  eight 
I6K  memory  devices  such  as  rows  111  and  112.  In  the 
presently  preferred  embodiment.  Part  No.  4116  MOS 
dynamic  RAMs  are  used.  (The  pin  designations  and 
signal  designations  refer  tc  this  memor;/  device.)  Obvi-  45 
ously,  other  memory  devices  may  be  employed. 

Input  data  to  these  memory  devices  106  is  provided 
from  the  bus  42.  Each  line  in  the  buN  **■*  is  connected  to 
the  daU  input  terminal  of  one  device  1G6  in  each  row. 


along  each  line,  (horizontal  or  dot  count).  In  many  prior 
art  displays  the  most  significant  bit  of  the  dot  counter  is 
used  to  increment  the  line  counter.  Data  in  memory 
intended  for  display  is  mapped  with  a  one-to-one  corre- 
lation to  the  counts  in  these  counters.  In  another  prior 
art  system  (implemented  in  the  Apple-II  computer  sold 
by  Apple  Computer,  Inc.)  this  one-to-one  correlation  is 
not  used.  Rather,  to  conserve  on  circuitry,  a  single 
counter  is  employed  and  a  more  dispersed  mapping  is 


ory  devices  is  not  shown  in  FIG.  6  in  order  not  to  over- 
complicate this  drawing.  By  way  of  example,  however, 
line  107  connects  the  data  bit  D7  to  the  data  input  termi- 
nal of  one  of  the  memory  devices  in  each  of  the  six 
rows. 

Three  rows  of  devices  106  have  their  output  termi- 
nals coupled  to  the  A  bus,  and  three  rows  are  similarly 
coupled  to  the  B  bus.  By  way  of  example,  line  108  con- 
nects three  output  terminals  of  devices  106  to  the  DB7 


The  interconnection  of  this  bus  with  ea.,h  01  the  mem-  50  used  in  the  memory.  (Note  that  where  a  maximum  hori- 
zontal count  of  80  is  used,  this  number  cannot  be  repre- 
sented by  all  ones  in  a  digital  counter  and  thus  the  verti- 
cal counter  cannot  easily  be  incremented  by  the  most 
significant  bit  in  the  horizontal  counter.)  Since  this 
55  more  dispersed  mapping  technique  is  part  of  the  prior 
art  and  not  critical  to  an  understanding  of  the  present 
invention,  it  shall  not  be  described  in  detail.  However, 
the  manner  in  which  it  is  implemented  shaM  be  discussed 
in  conjunction  with  the  adder  114  of  FIG.  4.  For  pur- 
line  of  the  B  bus  while  line  109  connects  three  output  60  poses  of  discussion,  the  signals  from  the  counter  58  of 
terminals  of  the  devices  106  to  the  DA7  lin^  of  the  A  FIG.  1  are  designated  as  either  vertical  (V)  or  horizon- 
bus.  tal(H). 

The  described  memory  devices  106  are  each  orga-  Referring  now  to  FIG.  4,  the  selection  of  either  the 

nized  as  a  16KX1  memory.  Thus,  each  device  receives  counter  signals  on  the  address  signals  from  the  CPU  is 
a  14-bit  address  which  is  time  multiplexed  into  two,  65  madeby  the  multiplexers  116, 117, 118  and  119.  Each  of 
7-bit  addresses.  This  multiplexing  occurs  under  the  these  commercially  available  multiplexers  (Part  No. 
control  of  the  CAS  and  RAS  signals  as  is  well-known.  153)  couples  one  of  four  input  lines  to  an  output  line. 
The  lines  coupling  the  address  signals  to  each  of  the        There  are  eight  inputs  to  multiplexers  116,  117  and  118 
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and  the  outputs  of  these  multiplexers  provide  the  ad- 
dress signals  for  the  memories  (ARO  through  AR5).  The 
multiplexer  119  has  four  inputs  on  its  pins  3,  4,  5,  6  and 
provides  a  single  output  on  pin  7,  the  AR6  address 
signal.  (The  signals  supplied  to  pins  11,  12  and  13  of 
multiplexer  119  arc  for  clamping  purposes  only.) 

The  AX  signal  is  applied  to  the  pin  14  of  each  of  the 
multiplexers.  The  signal  on  this  line  and  the  signal  ap- 
plied to  pin  2,  determines  which  of  the  four  inputs  is 
coupled  to  each  of  the  outputs  of  the  multiplexers.  The 
AX  signal  is  a  RAM  timing  signal  for  clocking  the  first 
7  bits  and  second  7  bits  of  the  multiplexed  14-bit  address 
applied  to  each  of  the  memory  devices  106.  The  other 
control  signal  to  the  multiplexers  is  developed  through 
the  AND  gate  123.  The  inputs  to  this  gate  are  the  dis- 
play signal  (DSPLY)  which  indicates  that  the  computer 
is  in  a  display  mode  and  a  clocking  signal,  specifically  a 
1  MHz  timing  signal  (CIM).  The  output  of  the  AND 
gate  123  determines  whether  the  address  signals  from 
the  CPU  or  the  signals  associated  with  the  counter  58  of  20 
FIG.  1  are  selected. 

Assume  for  purposes  of  discussion  that  the  display 
has  not  been  selected,  and  thus,  the  output  of  gate  123  is 
low.  The  AX  signal  then  selects  for  pin  7  of  multiplexer 
116  first  the  address  signal  Ao  and  then  Ae-  Likewise.  25 
each  of  the  multiplexers  selects  an  address  signal  (ex- 
cept for  those  associated  with  exclusive  OR  gates  124 
and  125  which  shall  be  discussed).  If  the  display  signal 
is  high  and  an  output  is  present  from  the  gate  123,  then, 
by  wiy  of  example,  the  AX  signal  first  causes  the  Hi  30 
signal  and  then  the  Vi  signal  to  be  connected  to  the 
ARl  address  line.  Similarly,  signals  corresponding  to 
the  vertical  and  horizontal  count  are  coupled  to  the 
other  address  lines  during  display  modes. 

The  adder  114  is  an  ordinary  digital  adder  for  adding  35 
two  4-bit  digital  nibbles  2nd  for  providing  a  digital  sum- 
signal.  A  commercially  available  adc^er  (Part  No.  283)  is 
employed.  The  carry-in  terminal  (pin  7)  is  grounded 
and  no  carry-outs  occur  since  one  of  the  inputs  (pin  12) 
is  grounded.  The  adder  sums  the  digital  signal  corre-  40 
spending  to  H3,  H4  and  H5  with  the  digital  signal  corre- 
sponding to  V3,  V4,  V3,  V4.  The  resultant  sum  signal  is 
coupled  to  the  multiplexers  116,  117  and  118  as  illus- 
trated. The  summing  of  these  horizontal  and  vertical 
counter  signals  is  used  to  provide  the  more  dispersed  45 
mapping  as  previously  discussed. 

The  adder  121  is  identical  to  adder  114  and  is  coupled 
to  sum  the  three  least  significant  vertical  counter  bits 
from  the  counter  58  (FIG.  2)  with  the  signals  VAl,  VBl 
and  VCl.  The  sum  is  selected  by  the  multiplexer  120  50 
during  the  high  resolution  display  modes  and  also  dur- 
ing scrolling  as  will  be  described.  These  sum  signals  are 
coupled  to  the  multiplexers  117,  118  and  119.  During 
the  low  resolution  display  modes,  the  multiplexer  120 
couples  ground  signals  or  the  page  2  signal  (PG2)  to  the  55 
multiplexers  117,  118  and  119.  (The  P^  signal  is  used 
for  special  mapping  purposes,  not  pertinent  to  the  pres- 
ent invention.)  During  the  high  resolution  modes  when 
the  display  is  not  being  scrolled,  the  VAl.  VB2  and 
VB3  signals  are  at  ground  potential  and  thus  no  sum- 
ming occurs  within  adder  121  and  the  VA.  VB  and  VC 
signals  arc  coupled  directly  to  the  multiplexers  117, 118 
and  119. 

The  address  signals  AiOt  An,  and  A13  from  the  CPU 
arc  coupled  to  the  multiplexers  117,  118  and  119,  re- 
spectively, through  exclusive  OR  gates  124,  125,  and 
126,  respectively.  The  other  input  terminals  to  gates  124 
and  125  receive  the  C3   signal,  while  the  other  input 


60 


65 


terminal  of  the  gate  126  receives  the  Ci  signal.  (The 
development  of  the  Ci  and  C3  signals  is  illustrated  in 
FIG.  5.)  The  gates  124,  125  and  126  provide  mapping 
compensation  within  the  memory.  As  the  computer  and 
memory  are  presently  implemented,  the  sequence  in 
which  the  various  portions  of  the  display  are  generated 
is  not  the  same  as  the  sequence  in  which  the  data  is 
removed  from  memory  for  display.  These  gates  provide 
compensating  addresses  and,  in  effect,  cause  a  remap- 
ping so  that  the  proper  sequence  is  maintained  when 
data  is  read  from  the  memory  for  the  display.  These 
gates  are  shown  to  provide  a  complete  disclosure  of  the 
presently  preferred  embodiment,  however,  they  are  not 
critical  to  the  present  invention. 

In  operation,  the  circuitry  of  FIG.  4,  as  mentioned, 
selects  the  address  signals  which  are  applied  to  each  of 
the  memory  devices,  either  from  the  CPU  or  counter  if 
the  display  mode  is  selected.  It  should  be  noted  that  not 
all  of  the  address  biu  from  the  CPU  are  coupled  to  the 
multiplexers  116  through  119.  Some  of  these  address 
bits,  as  will  be  described  in  conjunction  with  FIG.  5,  are 
used  to  develop  the  various  CAS  and  RAS  signals  and 
thus  select  different  rows  within  the  memory  of  FIG.  6. 

TTie  scrolling  operation  which  is  used  is  somewhat 
unusual  in  that  each  line  of  the  display  is  separately 
moved  up  (line-by-line)  with  one  line  of  data  in  memory 
being  moved  for  each  frame.  This  technique  provides  a 
uniform,  esthetically  pleasing,  scroll.  ScrolHng  the 
screen  one  line  per  frame  can  be  achieved  by  moving  all 
the  data  in  the  memory  into  a  new  position  for  each 
frame.  This  would  be  very  time  consuming  and  inr.prac- 
tical.  With  the  described  technique,  only  one-eighth  of 
the  data  in  the  memory  is  moved  for  each  new  frame. 

Referring  to  the  adder  121,  as  mentioned,  the  signals 
V^.  V^  and  Vc  are  the  three  least  significant  vertical 
counter  bits  from  the  counter  58.  These  bits  or  counts, 
by  way  of  example,  represent  the  8  horizontal  lines  of 
each  character.  In  adder  12,  a  3-bit  digital  signal,  VAl, 
VBl  and  VCl.  is  added  to  the  count  from  counter  58. 
This  3-bit  signal  is  constant  during  each  frame,  how- 
ever, it  is  incremented  for  each  new  frame. 

During  a  first  frame,  000  is  added  to  the  vertical 
count.  During  a  second  frame,  001  is  redded;  and  during 
a  third  frame  010  is  added,  and  so  on.  By  adding  this 
digital  signal  to  the  count  from  counter  58,  the  ad- 
dresses to  the  memory  are  changed  in  the  vertical  sense. 
During  the  first  frame  when  000  is  added,  the  display 
remains  unaffected.  During  the  next  frame,  when  001  is 
added  to  the  vertical  count,  instead  of  first  displaying 
the  first  line  of  a  character,  the  second  line  of  each 
character  is  displayed  at  the  top  of  each  character  space 
and  each  subsequent  line  of  the  character  is  likewise 
moved  up  one  line.  If  data  in  memory  is  not  moved,  the 
first  line  of  the  character  would  appear  at  the  bottom  of 
each  character.  Note  when  001  is  added  to  1 1 1  from  the 
counter,  000  results.  Thus,  the  first  line  of  characters 
would  be  addressed  when  the  beam  is  scanning  the 
eighth  hne  of  characters.  To  prevent  this,  the  data  cor- 
responding to  the  first  line  of  each  character  is  moved  in 
memory  for  this  frame.  The  first  line  of  one  character  is 
moved  up  and  becomes  the  bottom  line  of  the  character 
directly  above  it.  When  010  is  added,  the  process  is 
again  repeated.  For  example,  the  third  line  of  each  char- 
acter is  first  displayed  in  each  character  space  and  the 
second  line  of  each  character  is  moved  up  to  become 
the  bottom  line  of  the  character  directly  above  it.  This 
process  is  repeated  to  scroll  the  data.  The  movement  of 
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data  in  memory  is  controlled  by  the  CPU  in  a  well- 
known  manner. (5) 

Thus,  through  use  of  adder  121,  an  even,  continuous  P^^ss.  7.  =  (AY  ■  IND  •  abK3  -  (ABKI  .  abk2  + 

scroll  is  obtained  without  moving  all  the  data  in  mem- 

ory  for  each  frame.  Rather,  only  ith  of  the  data  is   ^              abki  -  abK2)-(ai5  ■  am-aH  +  ai5.  AI4  - 
moved  for  each  frame. 

Referring  now  to  FIG.  5.  the  circuitry  used  to  extend  aTT)  +  ay  •  iND  •  ABK3  •  ( ABK2  ■  abki  •  A15  + 

the  addressing  from  the  CPU  is  illustrated.  In  general, 

the  CAS  signals  are  generated  by  the  ROMs  127  and  abk2  •  ABKI  +  ABK2  ■  ABKi  •  ■aTT)  -  AU  +  AY  ■ 

128.  The  RAS  signals  are  generated  by  the  ROM  132. 

The  multiplexer  130  allows  the  selection  of  either  the  j^;^^  ^g^, .  ^3^3  -  ABicr-  (  aTT-  ai4)  +  ay  • 

bank  switching  signals,  or  the  unique  indirect  address- 
ing mode  when  "bank  switching"  occurs  without  direct  ^^^  .^_-  ^^^^ .  <  aTT-  abki  +  ai5  .  abkT)  ■ 
commands  from  the  CPU.                                                    15 

The  CAS  ROM  127  receives  as  an  address  the  fol-  

lowing  signals:  PRAS  ,  <J>3,  PRAS  1,2,  AY,  DHIRES.  ^^*'*  '  ^^^  "^  *'* '  '^'^  *' 

R/'W,  An,  A13,  Ai4.  and  A15.  As  the  PRAS4>>  3  and  _      ~    .   .        «^»*  j  .      n  1 

«n  *  ^  V  i  Vlu   o  A  c   •      1  u  •  ^  -r*,  In  effect  these  ROMs  are  programmed  to  allow  selec- 

PRAS 1, 2  represent  the  RAS  signals  bemg  used.  These  •        <■       j  •     j  •    ^  u      ^       ^u 

.      ,     '     ,  .*^.      .        .  *^.      D  A  c    •      1  •     ^    ^/.  tion  of  predetermmed  rows  m  the  memory,  based  on  the 

signals  are  high  when  the  respective  RAS  signal  is  ac-  20      . .       ^  .       ,     .         .         .      «  j  a      /:««««««  r^-  « 

.*     .  .       ,  .•       J  .1.     Av  ■       I-   u-  ur  address  signals  Aio,  A13,  Am  and  A15  (ignonng  for  a 

tve.  As  previously  mentioned,  the  AY  signal  IS  high  for  .  ,J  '^    .'"'*      '..      dtV    «  «i,  T„a  tu« 

* .     ,       ^    ,  •    .     ,^,Tt„^o    ■       J  •    1.-  u  r     u-  u  moment  the  contnbution  of  the  RAS  signals  and  the 

disp  .y  modes  and  the  DHIRES  s.gnal.s  high  for  h.gh  ^^^^^  .^  ,^^  equations). 

resoiuuon  o^play  modes.  The  CAS  ROM  128  recetves  ^^  outputs  of  the  CaS  ROMs  127  and  128  are  cou- 

asaddress^s.snalstheABKlABIU  and  ABK3  signals  ,^  ^^^  ^3,  ^  ,3,  .^  ^  ^^^^ercially 

"■- '"i'^wo    i'     I' „^    •     "■     "'     'i  '.'■  available  register  which  permits  the  enabling  of  output 

The  ROMS  127  and  128  are  programmed  to  imple-  ^.^^^^^  ^p^^  ^^  374)  during  accessing  of  the  memory 

ment  the  tollowing  equations.  ,^g  ^^^^^  CAS  signals  (CA5~0  through  CAS  7)  are 

coupled  to  the  memory  of  FIG.  6  to  permit  selection  of 

PCAS0  =  (PRAS0.3.(DHlREr.  Ar+ AY-(A!r- Air.  '**  30  t^e  appropriate  memory  devices.  The  signal  USELB 

from  CAS  ROM  127  through  register  131  selects  either 

the  A  bus  or  B  bus.  This  signal  is  coupled  to  the  multi- 

A13  .  AM  .  R/WN  +   A15  .  AH  •  A13  •  R/WN  +  A.3  •  p,^^^^^  43^  ^^^  43^  ^f  p,o   3 

During  normal  operation,  the  multiplexer  130  selects 

AI4  .  AI3  +  A15 .  A!4  •  AI3  -  All)))  35  the  bank  switching  signals  BCKSW  1  through  BCKSW 

4.  These  four  signals  (or  alternatively  four  signals  from 

the  A  bus)  provide  four  of  the  inputs  (address  signals)  to 

(2)  the  ROM  132.  The  other  inputs  to  this  ROM  are  the 


PCAS2  =  (DHIRES     AY  +  AY  •  ( ABKI  -  ABK2  ■  ABK3  •  DHIRES,  Z  PAGE,  PAS,  PAIS,  RFSH  (refresh),  and 

40  AY  signals.  These  address  signals  select  the  RAS  0,  3; 
Tnd  +  ABKl .  ABK2  •  ABK3)  •  ( AiT  •  AI4)  +  AY  ■  IND  ■  RAS  1,  2;  RAS  4, 5  and  RAS  6, 7  signals.  The  ROM  132 

is  programmed  to  implement  the  following  four  equa- 
tions. 


ABKI   •  ABX.2  -  ABK3  -  AI5     (AW  .  AI3  +  AI4  •  A13)) 


«  (6) 


PRASO.  3  =    AY   .  (DHIRES  +  RFSH)  +  (ABK4  •  (Z  Page 
(3) 


PCAS3  =  (PRASO,  3  ■  (DHIRES      AY    +  AY  •  ( AI5  -  A14  

PA8))  +  ABKI  -  ABK2  -  ABK3)  •  AY 


AI3  ■  All  +  A!5  ■  AI4  -  A!3  -  All    +  A15  •  AI4  -  A!3))>   ^ 


PCAS4.6  =  (AY  -  IND  •  ABK3  •  A15  -  (ABKI  •  ABK2   + 

55 

ABKI)- ABK2)(AI4  •  A13  +  A14  •  A13)  +  AY-  IND - 


PRASI,  2  =    AY   •  (DHIRES  +  RFSH)  +  AY  •  (  ABKI 
(4) 


(7) 


ABK2  .  ABK3  •  (ABK4  ■  (ZPAGE  ■  PA8)-  PAIS)  +  ABKI 


ABK3  ■  (  ABK2  •  ABKI  •  A15  +   ABK2  ■  ABKI  +  ABK2  • 
ABKt  .  aTT)  •  'Arr+  AY  ■  IND*.  ABKI  •  ABK2  •  ABK3  ■        ^ 
("aTT-  *aT4"-  AI3  +  A!5  •  aTT.  TU)  +  AY  •  IND  • 


ABK2  .  ABK3)  +  AY  •  ABK3  •  (  ABKI  •  ABK2  ■  ABK4  • 
(ZPAGE  .  PaT)  •  PAIS  +  ABKI  -  ABK2  •  (ABK4  ■ 

(ZPAGE  •  PA8)  •  PaTS) 


ABK3  .ABK2-  AI5     ABKI  +  AI5  ■  ABKI  ABKI  )•  (AI4  •      55    PRAS4.  S  -  RFSH  •  AY    +  AY  •  ABK2  - 


(8) 


AI3   +AI4.  AI3))  ABK3     (ABKI  -  ABK4  •  (ZPAGE  •  PAS)  ■ 
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.        .  line  154  rises  in  potential,  causing  the  multiplexer  to 

-continued  switch  back  to  the  bank  switching  signals. 

PA  15  +  ABKi  ■  (ABK4  -  (ZPAGE  ■*  PAS)  ■  PA  15)  Effectively,  what  occurs  is  that  when  the  CPU  selects 

this  special  address  range,  (and  provided  DA7  is  high) 

5  the  bits  DAO  through  DAS  which  are  stored  in  mem- 

—      „„,  (9)  ory,  cause  a  remapping,  that  is,  the  address  from  the 

PRAS6.  7  =  RFSH  .  AY    +  AY  .  ABKJ  •  (ABK.  -  ^  ^^  ^^^^^^  ^  ^.^^^^«   p^^  ^^  ,^^  ^^^^^^   ^^^^^  ,^^ 

fetching  of  each  OP  code,  the  mapping  automatically 

ABK2  .  ABK4  -  (ZPAGE  •  PA8 )  ■  PAI5  +  ABKI  •  ^^^^^^^  ^^  ^^^  ^^^^  switching  signals.  Importantly,  the 

10  remapping,  which  occurs  is  controlled  by  the  bits  stored 

ABK2-(ABK4- (ZPAGE-  PA8).PAI5)  j^   jj^^   j^j^   ^j^^^   through    DA3).   Thus,    with   the 

,    ,  -  .  ,    ,        .  remapping  information  stored  in  RAM,  toggHng  can 

Thus,  the  bank  swilchmg  signals  (along  with  the  other  ^^^^  between  different  portions  of  the  memory  with- 

input  signals  to  ROM  132)  select  p^eterm.ned  rows  m  ^^^  requiring  bank  switching  signals,  or  the  like  from 

memory  m  conjunction  with  the  CAS  s.gna  s  ,5  ^^^  ^^^  ^.^  ^^^^^^^  ^^^  ^p^.^  performance  since 

thrT^u^hThe^NAI^olar^*^^^^^^  ^^".  !^-  ^^  -  -f/-  — ^P*"^-  ^^^^'^-^»^'  ^* 

memo%.  The  other  input  terminals  of  these  gates  re-  Provides  an  easy  tool  for  prograrnming.  ^ 

ceive  the  RAS  timing  signal.  In  this  manner,  the  output  Foj  some  program  languages  ,t  is  desirable  to  sepa- 

signals  of  the  ROM  132  are  clocked  through  the  gates  ,0  ^*^  ^^'^  *"^  '^''  pTOgTzm  mto  separate  portions  of  tlie 

142  through  145  to  provide  the  RAS  signals  shown  in  memory.  For  example,  the  128K  memory  can  be  di- 

FIGS  5  and  6  vided  into  two  64K  memories,  one  for  program  and  one 

An  important  feature  to  the  presently  described  com-  for  data.  Switching  can  occur  between  these  memory 
puter  is  provided  by  the  circuitry  shown  within  the  portions  without  the  generation  of  bank  switching  sig- 
dotted  hne  146.  The  AND  gate  148  receives,  at  its  input  nals  by  the  CPU  with  the  above  described  circuit.  This 
terminals,  the  DA7,  A12,  and  C3  signals.  The  NOR  gate  arrangement  is  particulariy  useful  when  using  the  Pas- 
149  receives  the  zero  page  and  A15  signal.  The  output  of  cal  program  language, 
gate  149  provides  one  input  to  the  gate  148  and  also  one  fmcut  a  v  cttdcvctpm 
input  to  the  AND  gate  150.  The  output  of  gate  148  DISPLAY  SUBSYSTEM 
provides  another  input  signal  to  gate  150  and  this  signal           The  display  subsystem  48  of  FIG.  1  receives  data 
(line  153)  is  one  of  the  two  control  signals  coupled  to  ^  from  the  A  bus  and  B  bus  and  converts  the  data  into 
the  multiplexer  130.  The  AND  gates  150  and  151  also  video  signals  which  may  be  used  for  displaying  alpha- 
receive  a  SYNC  signal  and  the  (^signal.  The  output  of  numeric  characters  or  other  images  on  a  standard  raster 
the  gates  150  and  151  are  coupled  to  a  NOR  gate  152  scanned  cathode  ray  tube  display.  The  display  subsys- 
with  the  output  of  the  gate  152  (line  154)  coupled  to  the  ^g„,  43  specifically  generates  on  line  197,  a  standard 
other  control  terminal  of  the  multiplexer  130.  NTSC  color  video  signal  and  a  video  black  and  white 

The  gates  150.  15X  and  152  effectively  form  a  clock  ^j^jg^  ^jgnaj  ^^  j^ng  195  (piG.  8).  This  display  subsys- 

for  multiplexer/register  130  (multiplexer  130  is  a  com-  ^^^^  -^^  addition  to  other  inputs,  receives  a  synchroniza- 

mercial  part.  Part  No.  399,  which  effectively  is  a  regis-  ^^^^^  signal,  and  several  clocking  signals.  For-  sake  of 

ter/multiplexer).  This  selects  the  lower  four  input  lines  simplicity,    the    standard    color    reference    signal    of 

to  the  multiplexer  130.  However,  because  of  the  syn-  ^^  3,579545  MHz  is  shown  as  C3.5M.  Twice  this  fre- 

chronization  signal  applied  to  gate  151,  the  multiplexer  quency  and  four  times  this  frequency  are  shown  as  C7 

130  selects  the  bank  switching  signals  each  time  an  OP  ^  ^^^  C14M,  respectively, 
code  is  fetched  by  the  CPU.  Before  describing  the  details  of  the  display  subsystem 

To  understand  the  operation  of  the  circuit  shown  ^  ^  discussion  of  a  prior  art  display  system  will  be 

within  the  dotted  line  146  it  should  be  recalled  that  the  ^^^  ,^  ^^  understanding  the  present  display  subsystem, 

memory  of  FIG.  6  provides  a  16.bit  output  As  men-  j^  ^  g  p^^  ^^  4.136.359,  a  video  display  system  is 

tioned,  during  certain  display  modes.  16-bits/msec.  are  ^^^^^y^  ^^ich  is  implemented  in  a  commercially 

needed  for  display  purpose.  In  nondisplay  modes  only  ^^^j^y^  computer.  AppIe-II,  sold  by  Apple  Computer, 

8-bits  are  required,  particularly  for  ^^'^^^^^^^^^^Jfjf^^^^^  50  inc.,  of  Cupertino,  Calif.  In  this  system,  4-bit  digital 

CPU  When  the  memory  is  ^^^^^^  .^^^^^^^  "^  words  are  shifted  in  parallel  into  a  shift  register  These 

mg  the  indirect  addr^ing  modes  the  data  on  the  A  bus  circulated  in  the  shift  register  at  14  MHz 

IS  not  ordinarily  "scd^However.  r^'^^^^fl^^X^  to  define  a  waveform  having  components  at  3.5  MHz. 
shown  within  the  dotted  line  146,  this  otherwi^    un-  ^     ^^  ^^^^  ^^^  ^.^^ 

used"  data  IS  put  to  use  to  P'^-^^^^J.'^^^^^^^^  ^^  ^^  55  wold  ^1  is  placed  in  the  shift  register  and  circulated 

'th^vtr^PU  sS  ^^^^^^  of  at  a  rate  of  uW  The  resultant  signal  which  h^^^ 

addresses,  the  multiplexer  130  selects  the  equivalent  of  component  of  15  MHz  is  shown  on  line  20^  T^e  pha^ 

the  bank  switching  signals  from  the  A  bus  provided  relationship  of  this  component  to  the  3  5  MHz  refere^^ 

DA7  is  high.  (This  occurs  when  addressing  as  zero  page  s^nal  <^^^'^^^^'\^<'^'>'f'\'^^^^^^ 

the  addr^s  space  -1800  through  IFFF.)  Once  the  60  Thisrelationshipischangedby  changing  the  4-bit  word 

signal  on  line  153  is  high  it  is  latched  through  gates  150,  placed  in  the  shift  register.  As  explained  in  the  above. 

151  and  152  causing  the  multiplexer  130  to  select  the  referenced  patent,  if  the  signal  1000  «  placed  m  the 

four  bits  from  the  A  bus  (assuming  the  timing  signals  are  register  and  circulated,  the  resultant  phase  relationship 

high).  Even  if  the  next  reference  from  the  CPU  is  not  to  of  the  3.5  MHz  component  results  m  the  color  brown, 

this  special  address  range,  the  multiplexer  130  nonethe-  65  this  signal  is  shown  on  hne  208.  With  thB  pnor  art 

less  remains  latched  with  the  four  bits  from  the  data  bus.  technique,  the  luminance  was  determined  by  the  DC 

Once  the  SYN  pulse  drops,  however,  which  is  an  indi-  component  of  the  signals  such  as  shown  on  lines  206  and 

cation  that  an  OP  code  is  being  fetched,  the  signal  on  208. 
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The  display  subsystem  48  of  FIG.  1  also  uses  4-btt  transferred  at  the  2  MHz  rate,  and  in  other  display 

words  to  generate  the  various  color  signals  in  a  manner  modes,  at  a  I  MHz  rate.                       ,  ^  ,^  ,„  e  i:„^ 

somewhat  similar  to  the  above-described  system.  Refer-  The  registers  158  and  159  are  coupled  to  an  3  line 

SiTtrF  G  8  tbk  words  representative  of  colors  (16  display  bus  160.  This  display  bus  transfers  data  to  regts- 

Sle  coVot^)  are  coupled  to  the  bus  180  (The  genera-  5    ters  164  and  MX  and  also  addresses  to  a  memoir  162^ 

U^onh«e  words  sh^l  be  described  in  detail  in  con-  The  registers  164  and  173  and  "^^'".^y/^^  are  enabled 

unction  with  FIG  7.)  Instead  of  using  a  shift  register  during  specific  display  modes  as  will  be  apparent 

wWcrci^clti^^^^^            word,  the  same  result  is  The  character  memory  162.  m  the  presently  preferred 

Th^evX  ^^^  a  multiplexer  205  which  sequentially  embodiment,  is  a  random-access  memory  which  stor^ 

acnieveaoyu..ing-iiiui   p                       xhi*  ^ipnaU  on  10  patterns  representative  of  alpha-numenc  characters. 

selects  each  of  the  lines  of  the  bus  180.  The  s'gnals  on  P^              v                        powered  up.  the  character 

bus  180  also  provide  a  luminance  signal  and  a  black  and  ^^^^^^^^  uJfcuc<l  fr'^m  the  ROM  50  into  the 

white  video  signal  with  a  gray  scale.  char^.  ter  memory  162  during  an  initialization  period. 

The  4  lines  of  the  bus  180  are  coupled  to  mu^^^^^^^  Dun  ig  ch^^^^^^                   m<5es.  the  signals  from  the 

205;  this  multiplexer  also  receives  the  C7M  and  the  S                 are  addresses,  identifying  particular 

e3M/ timing  signals  (again.  Commercial  Part  No.  135IS  ^j  P/„^^^ric  characters  stored  within  the  character 

used  with  the  pm  connections  shown  in  FIG.  8).  These  ^^          ^^  -pje  vertical  counter  signals  V^,  Vj.  and 

two  timing  signals  cause  each  of  the  four  ""fs  to  ^e  y^^,^^,^^xy  discussed  in  conjunction  with  adder  121 

sequentially  selected  and  coupled  to  hne  191.  (Note  that  ^^  ^J-^  ^^  identify  the  particular  line  in  each  character 

the  order  in  which  each  of  the  lines  of  the  bus  180  is  ^^  ^^.^^^  .^  ^^  ^  displayed.  Thus,  the  generation  of  the 

selected  does  not  change.)  digital  signals  representative  of  each  of  the  characters 

In  effect,  the  multiplexer  operates  to  senalize  the  ^^curs  in  an  ordinary  manner.  The  7-bit  signal  represen- 

parallel  signal  from  bus  180.  Assume  for  sake  of  ei^la-  j^^j^^  of  each  line  of  each  character  (memory  output)  is 

nation  that  the  digital  signals  on  bus  180  are  1000  as  coupled  to  the  shift  register  167.  Through  timing  signals 

indicated  in  FIG.  8.  The  signal  on  line  191  will  then  be  ^5  ^^^  shown,  either  the  register  164  or  the  character  mem- 

lOOOIOOO The  output  of  the  multiplexer  205  cou-  ^^  ^^^  is  selected  to  allow  the  shift  register  167  to 

pled  to  the  input  of  the  inverter  204  also  receives  in  a  receive  either  data  directly  from  the  A  bus  or  B  bus.  or 

sequential  order,  the  signals  from  bus  180.  however,  in  alpha-numeric  character  information  from  the  memory 

a  different  order.  For  the  example  shown,  the  input  to  jgj. 

inverter  204  is  CO  100010 ....  After  inversion,  this  results  3^       yj^^  i_^^^^  ^f  information  from  either  memory  162  or 

in  the  signal  1 101 1101  ...  on  line  192.  Effectively,  the  register  164  are  serialized  by  the  shift  register  167  either 

signals  on  lines  191  and  192  are  added  by  resistors  199  ^^  ^  7  j^^z  rate  or  14  MHz  rate,  depending  upon  the 

and  200.  The  resultant  waveform  is  an  AC  signal  (no  display  mode.  The  serialized  data  is  coupled  by  Hne  185 

DC  component)  shown  in  FIG.  9  on  line  209.  Thus,  to  the  multiplexer  169,  pins  1  and  4.  The  inverse  of  this 

with  the  described  circuit,  a  chroma  signal  is  generated.  35  data  is  also  coupled  to  multiplexer  169,  pin  3.  Line.  185 

having  a  predetermined  phase  relationship  to  the  3.5  jsalsocoupledasoneinputto  the  multiplexer  166  and  to 

MHz  color  reference  signal.  This  phase  relationship  (he  register  170  (input  1). 

which  is  varied  by  changing  the  signals  on  bus  180  j^g  output  1  of  register  170  (line  186)  is  coupled  to 

determines  the  color  of  the  video  signal  on  line  197.  the  multiplexer  169.  pin  1;  to  register  170  (input  2);  and 

In  the  prior  art  display  discussed  above,  the  DC  com-  40  to  multiplexer  166.  Output  2  of  register  170  (line  187)  is 

ponent  of  the  color  signal  determines  the  luminance.  In  coupled  to  input  3  of  register  170  and  also  to  multiplexer 

the  present  invention,  the  signals  on  bus  180  are  coupled  155.  Output  3  of  register  170  (line  187)  provides  a  third 

to  the  base  of  transistor  195,  consists  of  an  AC  signal  jnput  to  the  multiplexer  166.  Input  4  of  the  register  170 

from  resistors  199  and  200.  and  the  luminance  level  also  receives  the  output  of  the  multiplexer  169  (line  189). 

determined  by  the  signals  on  bus  180.  These  inputs  to  45  Output  4  of  register  120  (line  190)  provides  one  control 

transistor  195,  along  with  the  C3.5M  signal,  generate  a  signal  for  the  multiplexer  171. 

NTSC  color  signal  on  line  197  of  improved  quality  The  multiplexer  171  selects  either  the  four  lines  of  bus 

when  compared  to  the  discussed  prior  art  system.  183  or  the  four  lines  of  bus  184.  The  output  of  multi- 

In  some  cases,  the  signals  on  bus  180  are  all  binary  piexer  171.  bus  180.  provides  the  4-bit  signal  discussed 

ones  or  all  binary  zeros.  When  this  occurs,  there  is  no  50  in  conjunction  with  FIG.  8.  During  one  of  the  high 

AC  component  from  resistors  199  and  200  (no  color  resolution  display  modes  (AHIRES),  the  multiplexer 

signal)  and  the  resultant  signal  on  line  197  is  either  171  is  controlled  by  a  timing  signal  from  the  output  of 

"black"  or  "white".  the  gate  178. 

The  lines  of  bus  180  are  also  coupled  through  resis-  The  multiplexer  166  selects  either  the  lines  of  bus  181 

tors  to  the  base  of  a  transistor  196.  Each  of  these  resis-  55  or  bus  182.  The  output  of  this  multiplexer  provides  the 

tors  have  a  different  value  to  provide  a  "weighting"  to  signals  for  the  bus  184.  In  all  but  the  AHIRES  display 

the  binary  signal.  This  weighting  is  used  for  non-color  mode,  multiplexer  166  selects  bus  181.  Thus,  typically, 

displays  to  provide  "gray"  shades  as  opposed  to  having  the  multiplexer  171  receives  the  signals  from  bus  174. 

a  display  with  only  black  and  white.  The  binary  signals  For  purposes  of  description  above,  and  also  for  pur- 

on  bus  180  drive  the  transistor  196  to  provide  a  video  60  posesofexplainingforsomeof  the  display  modes  below 

signal  on  line  198.  RGB  is  generated  with  weighted  a  simplifying  assumption  has  been  made.  The  signals 

sums  of  these  same  five  signals.  coupled  to  the  bus  180  by  multiplexer  171.  for  most 

Referring  now  to  FIG.  7,  data  from  memory  is  cou-  modes,  are  controlled  by  the  serialized  signal  on  line 

pied  from  the  A  bus  and  B  bus  to  registers  159  and  158.  190.  This  serialized  signal  is  in  sychromzation  with  the 

respectively.  These  registers  are  clocked  by  the  I  MHz  65  C7M  or  CUM  clocking  signals.  The  multiplexer  205  of 
clocking  signal  and  its  complement,  thus  permitting  the        FIG.  8.  which  as  described  above,  does  the    spinning 
sequential  transfer  of  8-bit  words  every  0.5  msec.  As        for  the  parallel  digital  signal  on  bus  180.  operates  m 
will  be  described,  in  some  display  modes  the  data  is        sychronization  with  the  multiplexer  171.  In  the  descnp- 
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tion  above,  and  except  when  otherwise  noted  below,  it 
is  assumed  that,  by  way  of  example,  if  the  multiplexer 
171  is  coupHng  all  binary  ones  and  zeros  onto  bus  180, 
the  signal  on  line  191  will  be  either  ones  or  zeros.  Also 
for  this  condition  the  signal  on  Hne  192  will  be  all  binary  5 
zeros  or  ones,  and  thus,  no  AC  signal  is  generated  at  the 
base  of  transistor  195.  However,  as  actually  imple- 
mented, there  is  a  "phase"  difference  between  the 
clocking  of  the  multiplexer  171  when  compared  to  the 
sampling  of  the  signals  from  bus  180  by  the  multiplexer  10 
205.  This  results  in  a  first  constant  AC  signal  on  the  gate 
of  transistor  195  even  when  it  appears  that  all  binary 
ones  are  on  bus  180,  and  a  second  constant  AC  signal 
when  all  binary  zeros  are  on  the  bus  180.  Thus,  in  this 
specification,  when  it  sutcs  that  "black"  or  "white"  15 
signals  are  being  generated,  instead,  as  currently  imple- 
mented, two  constant  colors  are  generated  on  a  color 
display.  Where  a  true  black  and  white  is  desired,  color 
suppression  is  introduced  such  as  through  the  color 
burst  signal.  20 

The  circuit  of  FIG.  7.  along  with  the  circuit  of  FIG. 
8,  provides  the  capability  for  several  distinct  display 
modes.  TTie  first  of  these  modes  provides  a  display  con- 
sisting of  40  characters  (or  spaces)  per  horizontal  line. 
This  requires  a  data  rate  of  8-bits/MHz  or  half  the  daU  25 
rate  the  memory  is  capable  of  delivering.  In  this  mode, 
dato  is  loaded  from  the  A  bus  during  every  other  0.5fi 
sec  period.  (B  bus  is  not  used  during  this  mode.)  This 
data  addresses  the  character  memory  162,  and  along 
with  the  signals  V^,  V^and  Vc,  provides  the  apprcpri-  30 
ate  character  line  (7-bits)  to  the  shift  register  167.  Dur- 
ing this  mode,  registers  164  and  173  are  disabled.  The 
shift  register  167  for  this  mode  shifts  the  data  at  a  data 
rate  of  7  MHz  (note  CHSO  is  high,  allowing  the  7  MHz 
signal  from  gate  175  to  control  the  shift  register  167).  35 
Each  7-bit  signal  is  shifted  serially  onto  line  185  and 
then  to  line  189  since  multiplexer  169  selects  pin  4.  The 
daU  is  shifted  through  the  register  170  onto  line  190. 
The  serial  binary  signal  on  line  190  causes  the  selection 
of  buses  183  or  184  40 

The  four  lines  of  bus  183  during  this  mode  are  cou- 
pled to  -l-V  (register  173  is  disabled);  therefore  the 
selection  of  bus  184  provides  four  binary  ones.  The 
selection  of  bus  184  provides  four  binary  zeros  through 
bus  181.  Thus,  the  serial  binary  signal  on  line  190  pro-  45 
vides  either  all  binary  ones  or  all  binary  zeros  to  bus 
180.  As  discussed  the  circuit  of  FIG.  8  will  provide  a 
black  and  white  display  with  40  characters  per  line. 

If  the  inverse  and  flashing  timing  means  172  is  se- 
lected, each  time  the  shift  register  167  is  loaded,  multi-  50 
plexer  169  shifts  between  pins  3  and  4.  This  causes  the 
characters  to  change  from  white  characters  on  a  black 
background  to  black  characters  on  a  white  background, 
and  io  on. 

During  the  80  character  per  line  display  mode,  the  55 
registers  158  and  159  are  each  loaded  during  sequential 
0.5fi  sec  periods  (this  utilizes  the  2  MHz  cycle  rate 
previously  discussed).  The  shift  register  167  shifts  the 
character  data  from  memory  162  at  a  14  MHz  rate.  The 
serialized  data  at  the  M  MHz  rate  is  shifted  through  the  60 
register  170  and  again  controls  the  multiplexer  171  as 
previously  described.  (Note  that  register  170  is  always 
clocked  at  the  14  MHz  rate.)  Flashing  again  can  be 
obtained  as  previously  discussed. 

In  another  alpha-numeric  character  display  mode,  the  65 
background  of  each  character  may  be  in  one  color  and 
the  character  itself  (foreground)  in  another  color.  This 
mode  provides  40  characters  per  line.  The  character 


identification  (address  for  RAM  162),  is  furnished  on 
the  A  bus  to  register  159  at  a  frequency  of  1  MHz.  The 
color  information  (background  color  and  foreground 
color)  is  furnished  on  the  B  bus  as  two  4-bit  words  to 
register  158.  In  the  manner  previously  described,  the 
address  from  register  159  selects  the  appropriate  char- 
acter from  memory  162  and  provides  this  information  to 
shift  register  167.  The  color  information  from  the  B  bus 
is  transferred  to  register  173.  For  purposes'  of  explana- 
tion, assume  that  the  4-bits  identifying  the  color  red  for 
the  background  are  on  bus  184  (from  register  173  and 
multiplexer  166)  and  that  4-bits  representing  the  color 
blue  for  the  foreground  are  on  bus  183.  (Note  that  when 
register  173  is  enabled,  the  signals  from  the  register 
override  the  binary  ones  and  zeros  which  otherwise 
appear  on  the  lines  of  bus  174.)  The  serial  binary  signal 
representative  of  the  character  itself  on  line  190,  selects 
either  the  color  blue  from  bus  183  for  the  character 
itself  or  the  color  red  from  bus  184  for  the  background. 
The  digital  signals  representative  of  these  colors  are 
transferred  to  bus  180  and  provide  the  color  data  to  the 
circuit  of  FIG.  8.  For  black  and  white  displays,  a 
"gray"  scale  is  provided  through  the  weighting  circuit 
associated  with  transistor  196  of  FIG.  8.  Again,  the 
multiplexer  169  may,  through  the  tinging  means  172, 
alternate  between  the  signal  of  line  185  and  its  inverse, 
which  will  have  the  effect  of  interchanging  the  fore- 
ground and  background  colors. 

During  the  high  resolution  graphics  modes,  the  char- 
acter memory  162  is  not  used,  but  rather,  data  from  the 
memory  directly  provides  pattern  information  for  dis- 
play. This  requires  more  mapping  of  data  from  within 
the  main  memory  since  new  data  is  required  for  each 
line  of  the  display.  (Note  that  when  characters  are  dis- 
played, the  character  memory  162  provides  the  differ- 
ent signals  required  for  the  8  lines  of  each  character 
row.  During  these  high  resolution  modes,  the  register 
164  is  enabled  and  the  character  memory  162  is  dis- 
abled. Thus,  the  data  from  the  A  bus  and  B  bus  is  shifted 
into  the  shift  register  167.  In  these  modes,  the  "HRES" 
signal  to  multiplexer  169  causes  this  multiplexer  to  se- 
lect between  pins  1  and  2.  Pin  2  provides  the  signal 
directly  from  the  shift  register  167  while  the  signal  on 
pin  1  is  efTectively  the  signal  on  line  185  delayed  by  one 
period  of  the  C14M  signal.  This  delay  occurs  through 
the  register  170  from  input  2  to  output  2  since  register 
170  is  clocked  at  C14M. 

During  a  first  graphics  mode,  daU  from  the  display 
bus  160  is  loaded  into  shift  register  167  at  the  rate  of 
7-bits/MHz.  The  data  is  serialized  on  line  185  and  in  the 
manner  previously  described  for  displaying  characters, 
controls  the  selection  of  all  binary  ones  and  all  binary 
zeros  through  the  multiplexer  171.  Note,  as  mentioned 
before,  in  the  presently  preferred  embodiment,  unless 
color  suppression  is  used,  this  will  not  result  in  a  black 
and  white  display,  but  rather  a  tv/o-color  display.  If  a 
high  bit  is  present  on  line  140  of  the  display  bus,  the 
inverse  and  flashing  timing  means  172  causes  the  multi- 
plexer 169  to  alternate  between  pins  1  and  2.  This 
switching  occurs  at  a  1  MHz  rate  and  provides  a  phase 
shift  for  every  other  7-bits  of  data  coupled  to  the  multi- 
plexer 171  on  line  190.  This  results  in  an  additional  color 
being  generated  on  the  display  for  every  other  7-bits  of 
data. 

For  the  above-described  graphics  modes  when  shift 
register  161  is  shifting  at  a  7  MHz  rate,  8-bits  may  be 
coupled  to  the  bus  160  during  each  period.  Specifically, 
as  in  the  case  of  the  differing  background  and  fore- 
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ground  colors  for  the  40  character  per  line  display 
mode»  two  4-bit  color  words  are  shifted  into  register  173 
at  a  rate  of  1  MHz.  Then,  the  multiplexer  171  selects 
between  two  predetermined  colors  on  buses  183  and 
184.  Note  these  colors  can  be  changed  at  a  I  MHz  rate. 

In  an  additional  color  mode  identified  as  "AHIRES'*, 
multiplexer  171  operates  under  the  control  of  gates  176. 
177  and  178.  In  effect,  multiplexer  171  selects  bus  184 
and  latches  the  signals  on  this  bus  every  four  cycles  of 
the  C14M  clock.  DaU  is  shifted  into  the  shift  register 
167  from  the  A  bus  and  B  bus  every  0.5;i  sec  the  register 
167  operates  under  the  control  of  the  C14M  signal. 
Each  data  bit  on  line  185  is  shifted  first  to  line  186.  then 
to  line  187  and  finally  to  line  188.  These  lines  are  cou- 
pled to  the  multiplexer  171  through  multiplexer  166  15 
which  selects  bus  182  since  AHIRES  is  high.  In  effect, 
what  occurs  is  that  4-bit  color  words  are  serialized  onto 
line  185  and  then  brought  back  into  parallel  on  bus  182. 
Since  multiplexer  171  latches  the  signals  on  bus  184 
every  four  cycles  of  the  C14M  signal,  a  new  color  word  20 
is  generated  at  a  3.5  MHz  rate  on  the  bus  180.  The 
resultant  display  is  140  by  192  colored  blocks  wherein 
each  block  can  be  any  one  of  16  colors. 

In  the  last  display  mode,  typically  used  with  color 
suppression,  data  is  shifted  into  the  shift  register  167  25 
from  the  display  bus  at  the  rate  of  14-bits/MHz.  The 
data  is  serialized  onto  line  1£5  and  controls  the  selection 
of  either  all  binary  ones  or  all  zeros  through  multiplexer 
171.  This  provides  the  highest  resolution  graphics  dis- 
play for  the  system.  30 

Thus,  a  microcomputer  with  video  display  capability 
has  been  described.  The  computer  is  fabricated  from 
commercially  available  parts  and  provides  high  utiliza- 
tion of  these  parts.  Numerous  existing  programs  includ- 
ing many  of  those  which  operate  on  the  Apple-II  com-  35 
puter,  may  be  employed  in  the  above-described  com- 
puter. 

I  claim: 

1.  In  a  digitally  controlled,  raster  scanned,  video 
display  for  use  with  a  microcomputer,  or  the  like,  which  40 
display  provides  color  images  in  response  to  chroma 
signals  having  predetermined  phase  relationships  to  a 
reference  signal  of  frequency  (0.  a  circuit  for  providing 
a  digitally  controlled  chroma  signal  comprising: 

digital  word  generation  means  for  generating  prede-  45 
termined  digital  signals; 

serializing  means  coupled  to  said  generation  means 
for  repeating  said  word  in  a  serial  form  at  a  prede- 


termined frequency  so  as  to  provide  frequency 

components  at  said  frequency  f; 
converting  means,  coupled  to  said  serializing  means 

for  converting  outputs  from  said  serializing  means 

to  an  AC  signal; 
whereby  a  video  chroma  signal  is  generated. 

2.  The  circuit  defined  by  claim  1  including  additional 
circuit  means  coupled  to  said  digital  word  generation 
means  for  providing  a  DC  luminance  signal. 

3.  The  circuit  defined  by  claim  1  wherein  said  digital 
words  are  coupled  to  a  resistive  weighting  network  for 
providing  a  gray  scale  video  signal. 

4.  The  circuit  defined  by  claim  1  wherein  said  digital 
words  are  4-bit  words  and  w'.erein  said  predetermined 
frequency  is  equal  to  4f. 

5.  The  circuit  defined  by  claim  4  wherein  said  serializ- 
ing means  comprises  a  multiplexer  which  is  controlled 
in  sychronization  with  said  frequency  f. 

6.  The  circuit  defined  by  claim  5  wherein  said  con- 
verting means  includes  an  inverter  coupled  to  an  output 
of  said  multiplexer. 

7.  The  circuit  defined  by  claim  6  including  additional 
circuit  means  coupled  to  said  digital  word  generation 
means  for  providing  a  DC  luminance  signal. 

8.  The  circuit  defined  by  claim  1  wherein  said  digital 
word  generation  means  comprises: 

a  source  of  digital  data  for  controlling  said  display; 

a  first  register  coupled  to  receive  data  from  said 
source  of  data; 

a  multiplexer  for  selecting  between  two  buses,  the 
output  of  said  mulliplexiir  coupled  to  said  serializ- 
ing means,  said  buses  coupled  to  said  first  register, 

a  shift  register  coupled  to  receive  data  from  said 
source  of  data,  said  shift  register  providing  a  serial- 
ized digital  signal  for  controlling  said  multiplexer. 

9.  The  circuit  defined  by  claim  8  including  a  charac- 
ter memory  for  storing  data  representative  of  alpha 
numeric  characters,  said  memory  coupled  to  receive 
address  from  said  source  of  data,  the  output  of  said 
memory  coupled  to  said  shift  register. 

10.  The  circuit  denned  by  claim  9  wherein  when  said 
first  register  is  disabled,  one  of  said  two  buses  is 
clamped  to  provide  all  binary  ones,  and  the  other  of  said 
buses  provides  all  binary  zeros. 

11.  The  circuit  defined  by  claim  10  wherein  said  shift 
register  is  controlled  by  a  plurality  of  clocking  signals, 
all  of  which  are  synchronized  with  said  frequency  f. 
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ABSTRACT 


Apparatus  and  methods  arc  disclosed  which  arc  most 
advantageously  used  in  coojunctioii  with  a  digital  com- 
puter  to  provide  improved  graphics  capability.  These 
techniques  permit  the  representotion  and  manipulation 
of  any  arbitrarily  shaped  image  in  terms  of  "inversion 
points".  Inversion  points  defming  a  region  are  sorted 
and  stored  such  that  the  region  shi^»e  may  be  regener- 
aied  at  a  later  time  from  the  inversion  points.  Means  are 
provided  to  compare  existing  regions  and  new  regions 
to  be  displayed,  and  region  operators  arc  provided  to 
specify  a  precedence  between  the  existing  and  new 
regions.  Thus,  new  regions  arc  appropriately  "clipped" 
such  that  only  portions  of  a  new  region  may  actually  be 
displayed  to  achieve  the  desired  graphic  rcpresenUtion. 

35  Claims.  20  Drawing  Ficarefl 
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The  Smalltalk  Environmcnf*,  BTIK  August  1981, 

METHOD  AND  APPARATUS  FOR  IMAGE  page  90,  Vol.  6.  No.  8. 
C0MPR£SS10N  AND  MANIPUIATION  Although  a  variety  of  graphic  representations  are 

desired  in  Smalltalk  or  other  systems,  traditionally  large 

BACKGROUND  OF  THE  INVENTION  5  amounts  of  memory  have  been  required  in  order  gcner- 

-  _.  . .  ate,  store  and  manipulate  graphics  characters.  In  its 

The  present  invention  relates  to  apparatus  and  mtth-  simplest  form,  a  block  of  memory  may  be  allocated  in  a 

ods  for  displaying  graphic  information.  More  particu-  daU  processmg  storage  system  with  each  memory  bit  (a 

larly,  the  present  invention  rclaUs  to  data  processing  ,^  I  or  0)  mapped  onto  a  corrcspondmg  picture  client 

apparatus  and  methods  for  generating  and  manipulating  '^  (pixd)  on  the  display  system.  Thus,  an  witirc  CRT 

images  and  dato  on  a  display  system.  screen  full  of  data,  in  the  form  of  images  and/or  text,  is 

2  Prior  Art  represented  as  either  a  1  (black  dot)  or  a  0  (w^hitc  dot)  m 

In  the  computing  industry,  it  is  quite  common  to  a  block  of  memory  known  as  a  "bitmap".  However,  the 
represent  and  convey  information  to  a  uset  through  use  of  a  one-to-one  correspondance  between  the  bitmap 
graphic  representations.  These  reprcscnUtions  may  ^^  and  the  CRT  display  requires  a  significant  amount  of 
take  a  variety  of  forms,  such  as  for  example  alphanu-  storage  space  witliin  the  computer's  core  memory.  In 
meric  characters,  cartesian  or  other  coordinante  graphs,  addition,  the  generation  and  manipulation  of  an  image 
as  well  as  shapes  of  well  known  physical  objects,  etc.  or  character  requires  that  virtually  all  bits  in  the  bitmap 
Historically,  humans  have  interfaced  with  computers  be  updated  after  any  modificaiion  to  an  image  or  the 
through  a  system  of  discrete  commands  which  typically  ^0  jjj^g  -j^j^  procedure  is  both  repetitive  and  time  consum- 
comprise  a  combination  of  both  text  and  mathematical  ing,  and  significantly  hampers  the  practical  use  of  inter- 
symbolic  characters.  Examples  of  such  systems  are  active  graphics  display  operating  systems, 
numerous  and  include  the  programming  languages  of  One  method  of  providing  the  necessary  graphic  capa- 
Fortran,  Algol,  PL/1,  Basic,  and  Cobol,  which  trans-  bilities,  for  systems  such  as  SnudltaJk.  is  "BitBIt"  (Bit 
form  a  given  set  of  user  commands  into  machine  execut-  25  g^^^jj^y  Block  Transfer)  as  developed  by  the  Xerox 
able  "object"  code.  Learning  Research  Group,  Palo  Alto  Research  Center, 

However,  the  ease  with  which  a  user  becomes  profi-  p^^  p^^^  ^alif.  See,  D.  Ingalls,  'The  Smalltalk  Graph- 
cient  in  programming  or  interacting  with  a  computer  -^^  Kemal,"  BYTE,  page  168,  August  1981,  Vol.  6  No. 
based  system  ii  generally  a  function  of  how  close  the  g  g-^gj.  y^^^j^^  regions  which  are  themselves  smaU 
system  models  the  logical  thought  of  the  user  himself  If  30  ^^^^^^  ^^  ^^^^^  ^^^^^  f^^^^  such  as  for  example  an 
the  user  is  able  to  enter  commands  m  the  order  m  w»uch  ^^^^  j^^^  ^hzpcd  form  to  be  used  as  a  cursor,  a  pat- 
he  would  find  most  logically  appropriate,  rather  than  ^^^  ^^^  ^-^g^^  ^  ^jjj  y^  ^jiscussed  more  fully  below, 
having  to  transpose  his  desired  command  mto  the  code  ^^^^^^  characters  from  a  source  bitmap;  such  as  for 
of  a  programming  language,  greater  user  eifeciency  m  ^  ^^  ^  ,^^^  ^^^  of  characters,  to  a  destination  bitmap 
using  the  system  is  achieved                           „:„:„;^,  (i.e.  ^  block  of  memory  to  be  displayed  on  a  CRT)  at 

One  system  which  has  been  developed  to  mmim^  ^         coordinates.  By  incorporatmg  the  use  of  a  "clip- 

the  learning  and  acclamauon  penod  wh  ch  a  user  must  ^       rectangle"  which  limits  tne  region  of  the  destina- 

go  through  m  order  to  become  proficient  m  the  mterac-  IJ^^,       %^^^  ^  be  effected,  a  portion  of  a  Urger 

tion  with  a  computer  system  «  frequent  y  referred  to  as  ^^^^{^  ,  -^^^  ^  ^„d^^  such  that  only  that 

an  "object-onented"  ^  V^'"'**'^*'"  T^Tn  Si  J^^  ^rtio^Sf^e  tr^sferred  scene  which  faUs  within  the 

talk  approach  is  to  ^j^P^^f^ -"^^  ^^"^°^^^  ^dow  wUl  be  transferred.  In  addition,  a  variety  of 

eramming  commands  with  two-dimensional  graphics  wuiu»^«  wi«  */v  .  .u;„u  ^„*,„i  tu. 

Sdammltion  on  a  computer  display.  Quantiufively,  it  transfer  operations  are  PJ^^^  J^/f^^"^^^ 

has  been  found  that  sinci  people  readily  think  in  terms  combinaUon  of  a  transferred  "^^ ^'^^^^^^^^^ 

of  images,  a  person  can  absorb  and  manipulate  informa-  45  e««ing  scene  previously  stored  at  the  d^tma^^m  *>«- 

tion  presentedTa  visual  context  much  faster  than  if  map.  However,  the  BitBIt  ^^^^^^^^ '?^^  " ^=^.^^ 

represented  by  text.  The  particular  type  of  graphic  '^:''^r^''^'T^^'^^tT       \      J^f^^ 

interface  by  which  the  user  interacts  with  the  machine  ulated.  Specifically^itBIt  is  constram«I  to  txansfe^  of 

may  vary  for  any  given  application.  rectangular  areas.  This  hmiUUon  sigmficanUy  restnct. 

One  aL,mmon  Smalltalk  interface  approach  utilizes  50  its  use  as  a  graphics  tool  smce  BitBIt  is  thereby  unable  to 
multiple  "windows"  displayed  on  a  cathode  ray  tube  transfer  data  to  overlappmg  wmdows  or  V*«=  I^c.  In 
(CR-D  in  which  combinations  of  text  and  graphics  are  addition,  large  amounts  of  memory  are  required  for  the 
used  to  convey  information.  For  example,  each  window  BitBIt  system.  Other  hmitations  m  pnor  art  systeiM, 
may  Uke  the  form  of  a  fUe  folder,  of  the  type  used  in  a  such  as  BitBIt,  are  described  m  this  Patent  in  order  to 
standard  filing  cabinet,  overiapping  other  folders,  with  55  more  fully  identify  the  nature  of  the  present  invenuon. 
the  "top"  fully  visible  folder  constituting  the  current  As  wul  be  disclosed  below,  the  present  mvention 
workfile.  A  user  may  add  or  delete  information  from  a  provides  a  means  whereby  any  arbitrarily  shaped  region 
file,  refile  the  file  folder  in  another  location,  and  gener-  may  be  defined  and  stored  usmg  significantiy  less  mem- 
ally  operate  on  the  file  just  as  if  an  actual  file  in  an  office  ory  than  was  previously  possible  m  the  pnor  art.  Addi- 
was  being  used.  Thus,  by  graphicaUy  presenting  an  60  tionally.  the  present  invention  provides  a  means 
image  which  represents  the  object  of  the  user's  com-  whereby  operations  may  be  perfonned  on  regions  effi- 
mand,  and  allowing  the  user  to  operate  on  and  manipu-  cientiy  and  quickly  by  a  digital  computer, 
late  the  image  in  substantially  the  same  way  he  would  as  SUMMARY  OF  THE  INVENTION 
if  the  image  constituted  the  actual  object,  the  machine 

becomes  easier  to  operate  to  the  user  and  a  stronger  65      The  present  invention  provides  methods  and  appara- 

raan-raachine  interface  is  achieved.  See,  for  example,  D.  tus  which  are  most  advantageously  used  in  conjunction 

Robson.  "Object-Oriented  Software  Systems",  BYTE,  with  a  digital  computer  to  provide  improved  graphics 

August  1981,  Page  74,  Vol.  6,  No.  8;  and  L.  Tesler,  capability.  These  techniques  permit  the  representation 
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„d  m«.ipulBrion  of  «,y  «biuariJy  defmed  rrgion  in  FIGS.  A(aMr)  illu^te  °Pf» «°^°?,f2'^„r!hS 

terms  of  "Irveraon  Points".  An  inversion  pv,uit  is  by  mveision  pomts  which  nuy  be  wcomphshed  using  the 

definition  :  point  at  which  the  state  of  all  points  having  present  invention.                                    _    „  .  ^,^„ 

.»-,                 L              u       rv».^«.««ij.  ««  "I  "  between  two  regions  one  scan  line  at  a  tune, 

areas.  Thus,  any  shape,  such  as  for  exampk  M    L  ^™     symlSlicalW  fliustrata  the  operation  of  a 

shape  is  treated  simply  «  another  repon  to  be  defined  F^G.  ^^^^^^^^^                  porti<«iof  .  source 

and  operated  on.  By  defining  a  set  of  inversion  po-Jite  10  ^^^,^}°J^                        ^ 

for  any  given  region,  aU  of  the  points  which  j^o^^^^^  "??G.^s^1S^Smustratcstheuseofone«^^ 

the  region  need  not  *>- «^«t,>f -«"„^«^*?^^^  bufflr  andTsc^i  Une'mask  to  selectively  mask  portions 

the  inversion  points  defmmg  the  region  needbe  stored.  ^        ^^  ^^^^„    ^or  to  its  truisfcr  to  the  destination 

Briefly  stated,  in  accordance  with  one  typical  cm-  w:^^    f^.  display 

bodiment  of  the  present  invention,  there  i^  provided  ^P  ^  .^^J^l^  ^^  ^^jj  ^f  ^^  implimcntation  of 

means  for  generating  an  mput  r^rescnUdon  of  a  re-  ^jje -resent  invention  using  the  inversion  point  scan  line 

gion,  which  may  comprise  any  arbitrary  shape  or  area  ^^  system 

the  perimeter  of  which  need  not  be  a  continuous  curve  ' 

and  may  include  disjoint  areas.  This  input  reprcscnta-  ^  NOTATION  AND  NOMENCLATURE 
lion  U  .uost  advantageously  coupled  to  a  digital  com-  ^^^  detailed  descriptions  which  foUow  are  presented 
puter.  On^  received,  the  digital  computer  determines  ij^-ggiy  jn  terms  of  algorithms  and  symbolic  representa- 
ihe  position  of  the  inversion  points  needed  to  define  the  ^^^  ^^  operations  on  daU  bits  within  a  computer  mem- 
region  and  sorts  the  points  left  to  right  and  top  to  bot-  ^^  These  algorithmic  descriptions  and  representations 
torn  in  accordance  with  their  coordinates  in  the  region,  ^j  ^^  ^^  means  used  by  those  skilled  in  the  data  process- 
Algorithm  means  are  provided  to  transfer  rad  operate  j^g  ^^^  ^  ^^^  effectively  convey  the  substance  of 
on  regions  (or  portions  thereof)  within  the  computer  ^^^  ^^^^  j^  others  skilled  in  the  art. 
memory  and  to  display  a  resulting  region  on  an  appro-  ^^  algorithm  is  here,  and  generally,  conceived  to  be 
priate  device,  such  as  for  example  a  cathode  ray  tube  ^  self-consistent  sequence  of  steps  leading  to  a  desired 
(CRT)  or  the  like.                                                             30  result  These  steps  arc  those  requiring  physical  manipu- 

A  scan  line  mask  comprises  a  one  scan  line  buffer,  jations  of  physical  quantities.  Usually,  though  not  neccs- 
which  in  binary  form  represents  existing  regions  which  sarily.  these  quantities  take  the  form  of  electrical  or 
are  currently  being  displayed  and  stored  in  a  destination  magnetic  signals  capable  of  being  stored,  transferred, 
bitmap.  The  destination  bitmap  comprises  a  block  of  combined,  compared,  and  otherwise  manipulated.  It 
memory  in  which  each  bit  corresponds  to  a  pixel  or  the  35  proves  convenient  at  times,  principally  for  reasons  of 
like  on  the  display  device.  The  scan  line  mask  vcrticaUy  common  usage,  to  refer  to  these  signals  as  bits,  values, 
scans  down  and  "slices"  the  existing  regions  into  hori-  elements,  symbols,  characters,  terms,  numbers,  or  the 
zontaJ  rows  corresponding  to  each  raster  line  on  the  ^^  jt  should  be  borne  in  mind,  however,  that  all  of 
CRT  display.  Similarly,  dau  from  a  source  bitmap  or  ^^sc  and  similar  terms  are  to  be  associated  with  the 
font  file,  in  the  form  of  characters  or  the  like,  to  be  4^  appropriate  physical  quantities  and  are  merely  conve- 
added  to  a  portion  of  the  destination  bitmap  is  also  nicnt  labels  applied  to  these  quantities, 
"sliced"  and  placed  into  a  horizontal  scan  line  buffer  Further,  the  manipulations  performed  are  often  re- 
corresponding  to  each  raster  scan  line  of  the  CRT.  As  fened  to  in  terms,  such  as  adding  or  comparing,  which 
one  horizontal  scan  line  is  transfered  from  the  source  are  commonly  associated  with  mental  operations  per- 
bitmap  or  the  like  tothe  destination  bitmap,  the  contents  45  formed  by  a  human  operator.  No  such  capability  of  a 
of  the  source  scan  line  buffer  are  compared  to  the  con-  human  opefavor  is  necessary,  or  desirable  in  most  cases, 
tents  of  the  scan  line  mask,  such  that  the  source  scan  line  in  any  of  the  operations  described  herein  which  form 
is  "masked"  and  only  selected  portions  of  the  source  part  of  the  present  invention;  the  operations  are  ma- 
buffer  are  transferred  to  the  destination  bitmap.  By  chine  operations.  Useful  machines  for  performing  the 
using  a  variety  ofregion  operators,  precedence  between  50  operations  of  the  present  invention  include  general  pur- 
existing  and  new  regions  may  be  specified.  Thus,  a  pose  digital  computers  or  other  similar  devices.  In  aU 
pattern  (such  as  for  example  striped,  checked  or  the  cases  there  should  be  borne  m  mind  ihc  distmctjon 
like)  may  be  added  to  an  existing  region,  text  may  be  between  the  method  operations  in  operating  a  computer 
overlay ed,  scroUii?g  of  text  within  a  region  may  be  and  the  method  of  computation  itself.  The  present  m- 
easily  accomplished,  and  numerous  other  graphics  op-  55  vention  relates  to  method  steps  for  operating  a  <x)m- 
crations  may  be  completed.  puter  in  processing  electrical  or  other  (e.g.,  mechamMO. 

The  resulting  destination  bitmap  is  converted  to  sig-  chemical)  physical  signals  to  generate  other  desired 

nals  which  are  then  applied  to  a  CRT  or  other  display  ph>'sical  signals. 

device,  and  the  image  is  displayed  in  a  conventional  The  present,  invention  also  relates  to  apparatus  for 

60  performing  these  operations.  This  apparatus  may  be 
specially  constructed  for  the  required  purposes  or  it 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  ^^  comprise  a  general  purpose  computer  as  selec- 

FIG  1  illustrates  a  computer  incorporating  the  prcs-  tively  activated  or  reconfigured  by  a  computer  program 

stored   in   the   computer.   The  algorithms  presented 


manner 


ent  m  vention. 


FIG  2  shows  a  typical  arrangement  of  program  stor-  65  herein  are  not  inherentiy  related  to  any  particular  com- 

age  in  the  system  of  FIG.  1.  putcr  or  other  apparatus.  In  particular,  vanous  genial 

FIGS.  HaUh)  iUustrate  the  use  of  inversion  points  to  purpose  machines  may  be  used  with  programs  wntien 

define  a  region.  ia  accordance  with  the  teachings  herein,  or  it  may 
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prove  more  convenient  to  construct  more  specialiicd  FIG.  2  shows  a  typical  arrangement  of  the  major 

apparatus  to  perform  tie  required  method  steps.  The  programs  contained  within  the  memory  26  illustiatcd  m 

rMdred  structure  for  a  variety  of  these  machines  will  FIG.  1.  In  particular,  there  ii  shown  a  video  destmation 

ac^  from  the  description  given  below.  bitmap  38,  which  in  the  presenjay  preferred  cmbodi- 

*^'  5   ment  comprises  approximately  32  kilobytes  of  storage. 

DETAILED  DESCRIPTION  itiIs  dcstinaticm  bitmap  represents  the  video  memory 

•me  foUowing  detailed  description  wUl  be  divided  for  the  dispUy  monitor  34.  Each  bit  in  the  destination 

into  several  sections.  The  fust  of  these  will  treat  a  gen-  bitmap  corresponds  to  the  upper  left  coordinate  of  a 

eral    system   arrangement   for   generating   computer  <f''?^'^'2f  ^"^"^ '''' 9"^  f'^^ZTr^':J^J^ 

graphiS.  Subsequent  sections  wiU  deal  with  such  as-  10  dest»naUon  bitmap  can  be  descnbed  by  a  two^an- 

^  of  the  ^t  invention  as  defining  an  inputted  «<Mial  array  of  pomts  having  laiown  coordmates.  Of 

^n  in  ten^  of  invenuon  points,  the  soSing  of  inver-  course,  m  the  case  where  other  ^;^P^y^^J^;i^ 

sion  poinu.  operations  on  inversion  points,  generation  ^"^H.'*  ^""^  ^S™P'^!.''"  ^^K  ^tt^^^^ 

of  a  ^  linrmask.  and  region  transfer  operations  «^«  ,»"^P  \^o^<^,  repr«ent  the  data  poinu  to  be 

^ih  15  displayed  by  the  parttcular  display  device.  Memory  26 

among  others.  ^„„^«*;««   -„«»^«„.  aiso  includes  programs  40  which  represent  a  variety  of 

In  addiuon.  m  ^%f«"2*>°«  f^^P^"";  ""^^  sequences  of  iLuSns  for  execution  by  the  CPU.  For 

specific  detail,  are  set  forth  such  as  a^gonrimuc  convcn-  ^  implimenting  the  opera- 

tioi^.  spedfic  numbers  of  bi ^j^^  m^r  to  provide  ^^P^^^  ^^^^^  desSrilK  th^  Patent,  monitoJTd 

a  thorough  understandmg  of  *^  P^'  P^^*^*^^";  20  control  programs,  disk  operating  systems  and  the  like 
However,  it  will  be  obvious  to  onesJaU«i  m  the  art  tha^  .^  P^^^  ^^  this  memory  location, 

the  present  mvention  may  be  pracUced  without  the;^  Source  bitmap  42  which  may  comprise  regions,  fonts, 

specific  detaUs.  In  other  mstances.  well-known  orcuits  ^^  stnictures.  coordinates  and  characters  are  also 

and  structures  are  not  descnbed  m  deu.U  m  order  not  to  ^^^^  ^  memory  26,  or  may  be  temporarily  stored  in 

obscure  the  present  mvention  unnecessanly.  ^  ^^^^  roemor>'  unit  32  as  may  be  required  in  any  given 

GENERAL  SYSTEM  CONFIGURATION  appUcation  of  the  present  invention.  Additionally,  space 

within  memory  26  is  reserved  for  other  programs  and 

FIG.  1  shows  a  typical  computer-based  system  for  ^^^  memory  which  is  designated  at  44.  These  other 

generating  computer  graphic  images  accordmg  to  the  programs  may  include  a  variety  of  useful  computational 

present  invention.  Shown  there  is  a  computer  20  which  ^  ^  ^^jj^^^,  programs  as  may  be  desired, 
comprises  three  major  components.  The  first  of  these  is 

the  input/output  (I/O)  circuit  22  which  is  used  to  com-  INVERSION  POINT  REPRESENTATION  OF 

municale  information  m  appropriately  structured  form  DEFINED  REGIC  NS 

to  and  from  the  other  parts  of  computer  20.  Also  shown  j^^  present  invention  represents  any  arbitrarily  de- 

as  part  of  computer  20  is  the  central  processing  unit  35  j-^gj  region  in  terms  of  "inversion  points".  In  addition, 

(CPU)  24  and  memory  26.  These  latter  two  elements  are  ^he  present  invention  ilefmes  a  "region"  to  be  any  arbi- 

those  typically  found  in  roost  general  purpose  comput-  jj-^jy  ^^^i  which  may  include  a  plurality  of  disjoint 

ers  and  almost  all  special  purpose  computers.  In  fact,  g^^^ss  of  any  shape  or  configuration.  Referring  now  to 

the  several  elements  contained  within  computer  20  are  pjo.  3(fl).  an  inversion  point  40  is  illustrated.  An  inver- 

intended  to  be  representative  of  this  broad  category  of  40  gjon  point  is,  by  definition,  a  point  at  which  the  state  of 

data  processors.  Particular  examples  of  suitable  data  ^\\  points  havmg  coordinates  to  the  right  and  below  the 

processors  to  fill  the  role  of  computer  20  included  ma-  inversion  point  arc  inverted.  Thus,  as  depicted,  all  arias 

chines  manufactured  by  the  Apple  Computer  Co.,  Cu-  to  the  right  ard  bciow  the  point  40  are  dark  since  point 

pertino,  Calif  Other  computers  having  like  capabilities  40  ^^  defined  on  a  jweviously  white  background.  In 

may  be  of  course  be  adapted  in  a  straightforward  man-  45  terms  of  the  physical  implementation  of  the  inversion 

ner  to  perform  the  several  functions  described  below.  poiiH  system,  the  position  of  an  inversion  point  is  de- 

Also  shown  in  FIG.  I  is  an  input  device  30,  shown  in  scribed  in  terms  of  its  coordinates  in  a  memory  bitmap, 
typical  embodiment  as  a  keyboard.  It  should  be  under-  As  illustrated  in  FIG.  3(6).  a  vertical  unlounded  strip 
stood,  however,  that  the  input  device  may  actually  be  a  results  when  two  inversion  points,  40  and  42,  are  de- 
card  reader,  magnetic  or  paper  tape  reader,  or  other  50  fined  on  a  bitmap  such  as  destination  bitmap  38,  and 
well-known  input  device  (including,  of  course,  another  subsequently  displayed  on  monitor  34.  The  addition  of 
computer).  A  mass  memory  device  32  is  coupled  to  the  the  point  42  on  the  bitmap  inverts  the  state  of  all  points 
I/O  circuit  22  and  provides  additional  storage  capabil-  having  coordinates  to  its  right  and  below  it,  cancelling 
ity  for  the  computer  20.  The  mass  memory  may  include  the  effect  of  point  40  within  this  area  and  therdiy  defm- 
other  programs,  fonts  for  given  characters,  and  the  like  55  ing  a  darkened  vertical  strip. 

and  may  take  the  form  of  a  ma^etic  or  pcper  tape  Similarly,  four  inversion  points  40,  42,  44  and  46 

reader  or  other  well  known  device.  It  will  be  appreci-  defme  a  square  or  other  quadranrle  as  shown  in  FIG. 

ated  that  the  data  retained  within  mass  memory  32,  3(c).  As  illustrated  in  FIGS.  3(/0a^i*)^-bcr  areas  may 

may,  in  appropriate  cases,  be  mcorporated  in  standard  be  defmed  using  inversion  points,  and  voids  within  a 

fashion  into  computer  20  as  part  of  memory  26.  fiO  given  shape  may  be  easily  generated.  In  addition,  it  will 

In  addition,  a  display  monitor  34  is  illustrated  which  be  apparent  that  any  given  region  may  contain  any 

is  used  to  display  the  images  being  genei  ated  by  the  number  of  disjoint  areas,  as  shown  in  FIG.  3(/).  inas- 

present  invention.  Such  a  display  monitor  may  take  the  much  as  all  shapes  within  a  region  are  simply  defmed  by 

form  of  any  of  several  well-known  varities  of  CRT  the  coordinates  of  the  inversion  points, 
displays.  A  cursor  control  36  is  used  to  select  command  65      Moreover,  circular  and  other  non-linear  regions  may 

modes  and  edit  graphics  data,  such  as  for  example  a  be  defmed  by  proper  positioning  of  inversion  points, 

particular  image,  and  provides  a  more  convenient  With  reference  to  FIG.  3(g),  a  diagonal  line  43  may  be 

means  to  input  information  into  the  system.  defmed  between  points  "X"  and  "Y"  by  a  step  series  of 
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two  invcr^OD  points  between  "X"  and  "Y."  Although  •  dinate  greater  then  <>' f^X^^'''^^  S^l'^^t^ 
direct  diagonalline  between  points  v/ould  be  preferred.  the  pomt  in  question  (porn  I  m  FIG-  *<f));  *»«>  the 
the  nhysiad  structure  of  the  raster  line  display  monitor  inversion  pomt's  homontal  coordinate  b  less  than  that 
M  d^c!^«  iLrmit  this.  Each  pixel  on  the  CRT  display  of  point  "P".  a  vari^Ie  is  ^toggled-  which  »  either  true 
occupies  a  unit  area  between  given  coordinates,  where  5  or  false  (and  which  was  onginally  set.  for  example,  to 
by  convention  a  particular  pixel  is  accessed  by  the  ooor-  false).  Thus,  each  time  and  mvenion  point  above  and  to 
Jnate  of  the  rrid  point  which  lies  at  its  top  left  Thus,  a  the  left  of  the  pomt  in  question  is  d^ected,  the  state  of 
step-like  function  of  inversion  points  defining  a  series  of  a  true/faJsc  variable  is  switched.  If  after  scanning 
horizontal  line  segments  is  required  to  approximate  a  through  the  hst  of  invcnnon  pomts  dcfimng  the  region 
diaeonal  il^'  *°  **  variable  is  true  C>c-  "  odd  number  of  sUte  changes 

It  will  b^^inpreciated  that  once  any  given  region  is  occurred)  the  point  in  question  (uc  point  **P7)  to 
deTmed  in  terios  af  its  inversion  points,  in  general  oiUy  within  the  particular  region.  However,  if  the  variable  is 
the  inversion  poLnts  need  be  retained  in  memory  26,  false  O-e-  zero  or  an  even  number  of  state  changes  oc- 
unlike  many  prior  art  systems  which  require  that  virtu-  curred)  the  point  is  not  withm  the  region.  Thus,  ^^J^ 
ally  all  points  comprising  an  image  be  stored.  In  the  15  and  efficient  method  for  detcrminifig  ^t  menbcrship 
presently  preferred  embodiment,  a  region  is  entered  using  invention  poists  is  provided  by  the  present  invcn- 
into  the  computer  20  by  a  user  by  means  of  cursor  con-  tion  wnich  was  not  possiole  m  the  pnor  art 
trol  36  or  other  irput  device.  The  position  of  the  invcr-  REGION  TO  SCAN  UNE  BUFFER 

sion  points  defining  the  region  is  detcrmmed  by  detect-  TRANSFORMATION 

inc  horizontal  line  segments  which  in  part  form  portions  20  ,     ^      ^  ,-        j-  • 

of  the  impulted  region.  With  reference  to  FIG.  3(A),  line  The  present  mvention's  me  of  ordered  bsts  of  mvcr- 

s-rments  80  85  90,  100  and  125  are  thus  identified.  sion  points  provides  a  straightforward  means  of  rcpre- 
Inversion  points  are  then  defined  at  the  coordinates  scnting  the  contents  of  each  raster  scan  hnc  on  monitor 
corresponding  to  the  end  points  of  each  line  segment.  34.  Referring  now  to  FIG.  5,  portion  of  nicmory  40  (See 
thercbydetining  the  entire  region  in  terms  of  its  inver-  25  HG.  2)  is  allocated  as  a  one  scan  hne  buffer  In  the 
^on  ^i^^^^^  line  segm^ts  within  the  region  are        presently  preferred  «»bodim^t  this  ca;i  hne-buffer  is 

iCToSi  since  they  wiU  be  generated  automatically,  by  sufficiently  large  such  that  each  homonUl  row  of  pixels 
definition,  using  the  previously  described  inversion  on  tl^^e  CRT  monitor  screen  or  other  ou^ut  de-vice  is 
p^int  convention.  The  specific  sequence  of  operations  represented  by  a  bit  widim  the  buffer.  A  region  which 
which  are  required  to  be  executed  by  computer  20  to  30  has  been  previously  defined  m  terms  of  an  ordered  hst 
detect  and  isolate  horizontal  line  segments,  will  be  ap-  of  inversion  points  may  be  represented  by  bit  states 
parent  to  those  skUled  in  the  data  processing  arts,  and  within  the  scan  line  bi£er  For  ev^y  hoiizonUl  row 
wUI  not  be  set  forth  in  this  description.  The  inversion  displayed  en  monitor  34.  dcsignatai  Vo,  vi  V2  ... 
points  of  a  region  are  sorted  into  an  ordered  list  of  V„ +,  in  HG.  5,  inversion  pomts  having  vertical  coordi- 
^ints  in  a  left  to  right,  top  to  bottom  order  in  accor-  35  nates  corresponding  to  the  particular  hon^nU^  row 
dLcc  vA±  their  coordinates.  For  example,  with  refer-  which  is  scanned  are  represented  by^  a^fj^^it  state 
ence  to  the  rc.;ion  of  FIG.  3(.)  the  hst  of  inversion  (i.e.  a  !  in  an  ongmd  scan  me  *?=*^°^^/> ^JfPJT^J^ 
points  in  acccr«iance  with  the  convention  would  be  as  coordinates  on  the  scan  hue  buffer.  AU  bits  betw<^ 
follows-  54.  56.  5¥;  60,  62.  64,  66,  68.  70,  72,  74,  76.  pairs  of  inversion  points  m  scan  line  155  are  then  m- 

It  has  been  found,  that  the  use  of  the  above  convcn-  40  verted,  such  that  a  true  representation  of  the  region  to 
tion  permits  simphf.ed  operations  on  ntgioos  such  as  be  displayed  is  gcrerated  from  the  mvcrsion  pomt  or- 
those  Ulustrated  m  FIGS.  4(jH^).  Typical  operations  dered  hst.  Thus,  as  shown  m  HG  5  ^y  scannmg 
which  may  be  performed  using  the  present  invention's  through  e«ch  horizontal  row  to  be  ^^y^'^?'^^ 
u^  of  ordered  lists  of  inversion  points  are  the  functions  gion  may  be  honrontally  and  sequentially  shccd  mto 
of  the  determinaticn  of  point  membership,  as  weU  as  the  45  segments  one  scan  Une  wide,  ,      -     ,       ^ 

intersection,  union,  difTererence.  and  exclusive^R  of  As  wiU  be  discussed  below,  the^  °^%^^%"^, 

regions  «^^  *i"^  buffer  allows  a  region  to  be  transferred  from  a 

Frequently,  in  the  course  of  a  graphics  operation,  it  is        source  bitmap  42  to  the  destinaUon  bitmap  38  and  ap- 
ncceaary  to  determine  if  a  point  in  the  destination  bit-        propriately  "masked"  such  that  a^  arbitrary  region 
map  38  (and  thereby  correspondingly  dispUyed  on  the  50  may  be  transferred  and  mampulatedjimli^ 
display  monitor)  Hes  wiimn  a  particular  region.  This        systems  such  as  BitBIt  which  are  confined  to  rectangu- 
function  is  generally  referred  to  as  "point  metabership".        lar  region  transfers.     .  ...,,,  ,.     ,^^  ,„ 

Traditionally,  the  determination  of  point  membership  In  addiuon,  it  will  be  appreciated  that  the  region  to 

required  rather  extensive  data  manipulations  and  ca^cu-  scan  line  buffer  transform  is  reversable.  Opcc  a  region  is 
latiois.  For  example,  one  pnor  art  method  of  determin-  55  represented  in  the  form  of  a  one  scan  iJne  buOCT,  an 
ing  Kjini  membership  was  to  calculate  and  sum  the  ordered  set  of  inversion  pointe  may  be  r^tfmed  by 
angitt  from  the  point  in  question  to  the  region  of  inter-  locating  inversion  states  on  the  buffer  as  the  buffer  scans 
est.  If  the  sum  of  the  angles  equals  360  degrees  then  a  region  from  its  top  (Vj)  to  bottom  (V«+i).  inversion 
point  membership  within  the  region  exists.  It  will  be  point  positions  are  located  easily  inasmuch  as  an  mv«- 
appreciated  Lhat  this  particular  method  of  determining  C<i  sion  point  posiUon  on  the  buffer  is  that  pomt  where  a  bit 
point  membership  requires  numerous  and  repetitive  state  change  is  sensed  O-c  a  1  where  the  next  bit  is  a  uj. 
calculations  and  is  extremely  time  consuming.  More  specifically,  m  the  present  embcxhment  the  loca- 

However.  the  present  invention's  use  of  inversion  tion  of  inversion  points  may  sunply  be  determined  by  an 
points  provides  an  efficient  means  to  determine  point  exclusivc-OR  operation  between  the  current  scan  hnc 
membership.  With  reference  to  FIG.  Mai  the  present  65  (e.g..  Vi)  buffer  contents  and  the  previous  (e.g.,  Vj) 
invention  scans  through  the  previously  ordered  list  of  scan  hne  buffer  contents.  Thus,  the  portions  of  regwns 
inversion  points  defming  the  region  in  question,  from  which  remain  unchanged  between  sutecquent  vertic^ 
top  to  bottom.  If  an  inversion  point  has  a  vertical  coor-        scan  line  positions  are  ignored  inasmuch  as  a  uniformity 
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of  content  between  one  vertical  scan  line  position  and  sorting  the  inverwon  point  lists  of  regions 'T**  and  "IT 

the  next  would  indicate  that  no  inversion  points  are  ofFIG.4<e).  and  discarding  any  points  having  the  same 

present  In  addition,  horizontal  positions  of  inversion  coordinates  in  both  regions.  In  other  words,  computer 

points  may  then  be  determined  by  shifting  the  resulting  20  simply  treats  the  ordered  lists  of  inversion  poinU 

exclusivc-OR  ed  scan  line  to  the  right  by  1  bit,  and   5  definmg  regions  "T"  and  "IT  as  one  large  list,  and  sorts 

effectuating  aacthcr  exclu&ivc-OR  operation.  For  ex-  sii  of  the  inversion  points,  left  to  light  and  top  to  bottom 

ample,  if  after  the  exclusivc-OR  operation  bcfween  scan  ^  accordance  with  the  previously  described  conven- 

line  buffer  V„  and  V^-i  the  result  was  OIUOOU.  then  j^^j,  jhc  resultant  list  of  inversion  points  represents  a 

by  shifting  the  result  to  the  right  one  bit  and  completing  region  whose  points  arc  contained  either  in  region  "T" 

another  exclusive-OR  operation  we  obtain:                     10  ^j  ..y.  ^ut  not  both. 

It  will  be  appreciated  that  numerous  other  operations, 

piiiooii^^  and  combinations  cf  operaticns,  using  the  present  inven* 

bioQioio  -  invertkn'^l'^aont  fef  sci.  line  >^,    '             ■  tiou's  inversion  point  and  scan  line  buffer  method  may 

be  pcrionned  on  arbitrary  regions  that  was  possible  m 

The  specific  commands  to  be  executed  by  computer  prior  art  methods. 

20  in  order  to  determine  where  in  a  scan  line  buffer  a  SCAN  LINE  NfASK 

state  change  exists  will  be  apparent  to  one  skilled  in  the  ... 

art,  and  will  not  be  further  described.  With  reference  now  io  FIG.  7.  the  present  mvention  s 

--,  use  of  a  scan  line  mask  to  provide  arbitrary  region  chp- 
REGION  OPERATORS  2"  ^y^^  -^  symbolically  illustrated.  A  previously  defmed 
The  present  invention's  use  of  a  one  scan  line  buffer  region  160  which  has  been  converted  into  an  ordered 
to  systematically  represent  the  contents  of  regions  per-  fist  of  inversion  points  is  used  as  a  "mask**  to  which  all 
mits  the  previously  described  oiierations  of  union,  inter-  additional  images  to  be  displayed  on  the  monitor  34  are 
section,  etc.,  to  be  easily  accomplished.  For  example,  ^5  compared,  prior  to  affecting  the  destination  bitmap  38. 
the  intersection  operation  illustrated  in  FIG.  4(b}  pro-  /^  shown  in  FIG-  9,  it  is  frequently  desired  that  multi- 
vides  an  inversion  point  representation  of  the  shaded  pi^  regions  overlap  with  some  predetermined  prece- 
area,  and  is  obtained  by  executing  an  "AND"  of  the  two  dence.  As  is  illustrated,  folders  may  be  depicted  as  over- 
overlapping  regions  "A"  and  "B."  Referring  now  to  lapping,  text  may  be  provided  on  each  displayed  folder, 
FIG.  6,  a  one  scan  line  buffer  is  defiiicd  for  each  region  ^  ^^  ^^^^^  arbitrary  regions  may  be  displayed.  However, 
"A"  and  **B."  For  each  horizontal  raster  row  of  the  ^  discussed  above,  prior  art  methods  such  as  BitBlt  are 
CRT  display,  the  respective  scan  Une  buffer  represents  constrained  to  rectangular  •'region  clipping".  Thus,  the 
each  region's  contents  in  bmary  form.  The  contents  of  vcrsa^ijiiy  of  prior  art  systems  is  severely  limited  by  the 
the  scan  Une  buffers  are  then  operated  upon  m  order  to  constraint  of  operating  on  rectangular  regions  only,  and 
accomplish  ^^e  desired  fiincUoan^^^  35  ^heir  inabUity  to  selectively  affect  regions  other  than  the 
4{bl  the  comems  woiUa  oe  "AND  ed  together  to  resU  ^^^^  ^^j^^  ^^^^ 
m  a  composite  scan  Ime.  For  example,  if  for  vertical  P^^  syniboHcally  FJustrated  in  F\G,  7,  other  regions 
posmon  Vi:  ^^^  ^  patterns  or  characters  are  comp  aed  to  a  bitmap 
"A"5c«iiine«iniii00  "mask",  one  scan  line  at  a  time,  of  existing  regions 

40  which  are  currently  being  displayed.  As  will  be  dis- 

"B"  KM  line- 10310001  cusscd  bclow,  by  defining  region  operators  various 

masking  priorities  may  be  defined.  Thus,  pattcnis  may 

Then  the  composite  scan  line  after  an  "AND"  opera-  \y^  provided  as  well  as  fonts  and  other  characters  within 


tion  would  be:  10010000.  In  addition,  the  identical  ^y  arbitrary  region.  "Region  clipping"  is  provided  in 
••AND"  operation  is  done  for  each  horizontal  row  Vj,  45  accordance  with  the  region  operators  such  that  portions 
comprising  each  region.  The  result  of  the  above  opera-  ^f  overlapping  regions  are  selectively  displayed. 
tion  being  a  composite  represenution,  one  scan  line  at  a  Referring  now  to  FIG.  8,  each  source  bitmap  42 
time,  of  the  resulting  intersecting  shaded  region  "C"  of  ^hich  may  comprise  an  image,  character,  font  or  the 
FIG.  4{*).  The  portion  of  the  inversion  points  compris-  ^j^  which  is  desired  to  be  displayed  is  "shced"  and 
ing  the  shaded  region  "C"  may  then  be  extracted  using  50  ^j^nsfonngd  into  a  one  scan  Une  buffer  in  accordance, 
known  techniques,  such  as  the  exclusive-CR  operation  ^^  j.^^.  gj^^nipje^  ^hc  above  discussion  under  the  head- 
previously  described.  ^  "Region  to  Scan  line  Buffer  Transformation."  Thus, 
SimUarly,  an  "OR"  operation  bctwom  the  two  re-  ^.^^  ^  ^  displayed  is  represented  by  a  one  Ime 
gions  is  utilized  in  order  to  achieve  the  um<m  function  of  ^^^^^  ^^^^  horizontally  scans  the  source  bitmap 
no.  4(c).  To  obtam  the  "Difference  o"-,Ip;f<^the  55  ^^^^^  ^  represenution  of  the  source 
operation  between  the  two  regions  wou.d  be  (NOT  ^^^^i,^  „^nsion  of  inversion  point  positions 
'*S")  AND  "R",  wherem  the  state  of  aJ  binary  quanti-  ,      \u    k  fT 

ties  represented  v^^n  the  J ^J^^^f^j'.^:  Zre^^\.hich  are  presently  being  dispUyed 

verted  pr:or  to  "AND  mg  the  cont^.ts  with  the  11    ^  ^^^  ^  ^^^  „^^„  ^^^^P  ^  ^^^^  ^^  ^^^^^  ^ 

"TirSl'y.  thfexcl^^^^     operation  of  FIG.  4<.)  is  be  displayed  are  comf^ed.  As  *«  ^om.  wif^^^^^^ 

simply  achieved  by  perfonning  the  excIusive-OR  on  source  regions  to  be  added,  the  existmg  d«Play^ 

each  region's  scan  line  buffer  contents,  in  the  same  man-  gom  is  transfonn«i  mto  a  one  scan  line  mask  represent- 

ner  as  was  done  in  the  above  example  of  the  "AND"  ing  the  contents  m  bmary  form  of  the  destination  re- 
operation. However,  it  wUl  be  apparent  to  one  skilled  in  65  gion.  Depending  on  the  transfer  mode  operation  speci- 

thc  art  that  the  present  invention's  use  ofordered  lists  of  ficd,  each  scan  Ime  of  the  new  region  is  selectively 

inversion  points  renders  the  excIusive-OR  operation  transferred  to  the  destination  bitmap  38  and  displayed 

trivial.  The  operation  may  be  accomplished  by  merge  on  the  display  monitor  24. 

"APPLE_PAT_4_622_545_13"  327  KB  2000-02-21  dpi:  300h  x  300v  pix:  1907h  x  2909v 

David  T  Craig    *    21  February  2004  |  Page  0298  of  051  s" 


Apple  Computer  Selected  Patents 


4,622,545 

11  12 

The  specific  type  of  tiBnsfer  mode  operator  used  is  a  CODING  DETAILS 
function  of  the  desired  output.  Region  operators  include ' 

the  functions  of  OR,  AND,  exclusiveOR.  NOT  as  wcW  No  particular  programming  Jangucge  has  been  indi- 

as  any  combination  thereof.  For  example,  if  the  current  catcd  for  carrying  out  the  various  procedures  described 

scan  line  mask  for  row  V|  on  the  CRT  contains   5  above.  This  is  in  part  due  to  the  fact  that  not  all  lan- 

01  lOlOIO  and  the  current  source  scan  line  buffer  for  Vu  gucges  that  might  be  mentioned  are  universally  avaii- 

contoins  01 1001 10  then  the  result  after  an  '^AND"  oper-  able.  Each  user  of  a  particular  computer  wUl  be  aware 

ation  which  would  be  displayed  on  monitor  34  would  of  the  language  which  is  most  suitable  for  his  immediate 

j^.  purposes.  In  practice,  it  has  proven  useful  to  substan- 

10  tially  implement  tlie  present  invention  in  an  Assembly 

01 101010 . «« line  m-k  boffcr  conu.»  ^^S"^*  "^^^^  P™^*^  «  ™«^^«  executable  object 

(AND)  01 10001 0  -  lource  wan  ime  buffer  contento  COde. 

ouoooio- destination  bitnupicmii  line  contents  Becausc  iht  cofflputers  and  the  monitor  systems 

lo  be  difpUycd  which  may  be  used  in  practicing  the  instant  invention 

'^  consist  of  many  diverse  elements,  no  detailed  program 

Thus,  it  will  be  appreciated  that  not  all  portions  of  the  listings  have  been  provided.  It  is  considered  that  the 

new  source  region  will  be  transfeired  to  the  display  operations  and  other  procedures  described  above  and 

device,  and  is  thereby  "clipped"  depending  on  the  par-  illustrated  in  the  accompanying  drawings  are  suffi- 

ticular  transfer  operator  chosen.  In  addition,  it  will  be  ciently  disclosed  to  permit  one  of  ordinary  skill  lo  prac- 

noted  that  the  particular  shape  of  the  regions  being  20  ticc  the  instant  invention  or  so  much  of  it  as  is  of  use  to 

operated  upon  is  irrelevant  to  the  method  of  the  present  jjy^ 

invention.  The  use  of  inversion  points  and  one  scan  line  Thus,.methods  and  apparatus  which  are  most  advan- 

buffers  allow  any  arbitrary  region  to  be  defined,  masked  tageously  used  in  conjunction  with  a  digital  computer 

and  transferred  by  the  present  invention.  ^q  provide  improved  graphics  capability  have  been 

In  the  presently  preferred  embodiment,  three  sepa-  25  ^^i^^^    f^^  present  invention's  use  of  inversion 

rate  scan  line  mask  buffers  are  provided  to  which  a  new  points  and  scan  line  masking  allows  any  arbitrary  region 

source  region  is  compared.  A  "user  region"  mask  com-  ^^  ^^  defined,  manipulated  and  transferred  fasLsr  and 

prises  the  existing  region  being  displayed  which  the  j^Qre  efficiently  than  systems  previously  found  in  the 

new  region,  if  transferred,  will  affect.  A  "visible  re-  j^^t 

gion"  mask  is  defined  as  the  visible  portion  of  the  exist-  ^  V/hUe  the  present  invention  has  been  particularly 
ing  region  currently  being  displayed  (e.g..  folder  200  of  described  with  reference  to  FIGS.  1-9  and  with  empha- 
FIG.  9).  The  "clipping  region"  comprises  the  visible  ^^  ^J^  certain  computer  systems,  it  should  be  understood 
portion  of  the  user  region  to  which  the  new  souro;  jjmj  ^^  figures  are  for  illustration  only  and  should  not 
region  will  be  "clipped",  such  that  only  a  portion  of  the  ^  ^jj^jj  ^g  limitations  upon  the  invention.  In  addition,  it 
source  region  is  transferred.  Thus,  a  new  source  region  ^  ^lear  that  the  methods  and  app^iratus  of  the  present 
to  be  transferred  from  the  source  bitmap  42  to  the  desti-  inventions  has  utility  in  any  application  where  graphic 
nation  bitmap  38  is  passed  through  the  equivelent  of  representations  on  a  CRT  or  other  display  device  are 
three  scan  line  mask  buffers.  In  practice,  each  scan  line  desir:^.  It  is  contemplated  that  many  changes  and  mod- 
mask  is  "AND"  ed  with  one  another  and  the  composite  ^  ifications  may  be  made,  by  one  of  ordinary  skill  in  the 
scan  line  mask  is  then  utilized  to  mask  new  regions.  ^rt,  without  departing  from  the  spirit  and  scope  of  the 

With  reference  to  FIG.  9,  an  example  of  an  output  invention  as  disclosed  above, 

displayed  on  monitor  34  in  accordance  with  the  present  j  claim: 

invention  is  illustrated.  Region  200  was  originally  dc-  i.  a  computer  display  system,  comprising: 

fined  by  a  user  and  stored  in.  memory  26  as  an  ordered  ^^  display  means  for  providing  a  display  including  a 

list  of'  inversion  points.  By  specifying  a  proper  region    ,  plurality  of  display  elements,  each  of  said  display 

operator  as  described  above,  regions  210  and  240  have  elements  being  selectively  enabled; 

been  displayed  such  that  it  appears  that  region  200  lies  memory  means  for  storing  a  plurality  of  inversion 

between  regions  210  and  240.  Similarly,  text  has  been  points,  each  of  said  inversion  points  having  a  coor- 

provided  within  each  folder  shaped  region,  and  appro-  ^  dinate  corresponding  to  an  element  on  said  display, 

priate  region  clipping  using  the  scan  tine  mask  method  wherein  the  coordinates  of  each  inversion  point 

as  described  above  insures  that  only  those  portions  of  specify  orthogonal  lines  extending  in  the  direction 

each  region  which  would  be  visible  if  actual  folders  of  subsequently  enabled  display  elements  from  said 

were  used  is  displayed.  inversion  point  and  forming  two  boundaries  of  a 

Moreover,  it  will  be  apparent  to  one  skilled  in  the  art  35  contrasting  ares^ 
that  although  the  present  invention  has  been  described  processing  means  coupled  to  said  memory  means  for 
with  emphasis  on  binary  representations  on  the  display  enabling  elements  on  said  display  which  corre- 
device  34.  and  therefore  in  black  and  white,  that  appro-  spond  to  said  stored  inversion  points,  and  generat- 
priate  inversion  point  and  scan  line  masking  for  color  ing  said  contrasting  areas  on  said  display,  the  con- 
images  may  also  be  achieved.  For  example,  to  provrde  go  trast  of  an  area  being  a  function  of  the  coordinates 
the  colors  of  red,  green  and  blue,  three  inversion  point  of  previously  dispbyed  inversion  points; 
representations  of  a  region  may  be  utilized,  one  for  each  whereby  a  region  which  comprises  a  plurality  of 
color  respectively.  Thus,  the  presence  of  an  inversion  inversion  points  may  be  displayed  by  enabling  said 
point  in  one  color  region  may  selectively  discharge  a  corresponding  elements  and  generating  said  assoa- 
color  gun  in  a  color  CRT  or  the  like  for  that  color.  65  atcd  contrasting  areas  on  said  display  means. 
Similarly,  various  colors  could  be  acheived  by  the  ap-  2.  The  display  system  of  claim  1  wherein  said  display 
propriate  combination  of  the  three  inversion  point  rep-  means  includes  a  plurality  of  raster  scan  lines  compris- 
resenutions  of  each  region  stored  in  menK>ry.  ing  said  elements  defining  said  display. 
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3.  The  display  system  of  claim  2  wbercin  said  process-  least  two  inversion  points  having  the  same  coordixutes 
ing  means  includes  reading  means  for  reading  said  in-  in  diflerent  bitmaps,  each  of  said  inver^on  points  corre- 
version  points  from  said  memory  in  the  order  in  which  sponding  to  a  different  color  to  be  displayed  on  said 
said  elements  are  scanned  by  said  display  means.  display  means. 

4.  The  display  system  of  claim  3,  wherein  said  pro-  S  17.  A  method  for  generating  and  manipulating 
cessing  means  includes  sorting  means  for  sorting  said  grephic  representations  on  a  computer  controlled  dis- 
inversion  points  into  an  ordered  list  in  accordance  with  play  system,  said  display  system  including  a  plurality  of 
a  predetermined  convention  and  storing  said  list  in  said  display  elements,  each  of  said  elements  being  selectively 
memory  means.  enabled,  comprising  the  steps  of; 

5.  The  display  system  of  claim  4  further  including  10  providing  memory  means  within  said  computer  in- 
input  means  coupled  to  said  processing  means  for  input-  eluding  storage  for  a  plurality  of  inversion  points, 
ting  a  region  to  be  displayed  into  said  memory.  each  of  said  inversion  points  having  a  coordinate 

6.  The  display  system  ofclaim  5  wherein  said  process-  corresponding  to  an  element  on  said  display  sys- 
ing  means  further  includes  inversion  point  locating  ^^^  wherein  the  coordinates  of  each  inversion 
means  for  determining  the  coordinates  of  inversion  13  ^^^^  specify  orthogonal  lines  extending  in  the 
points  comprising  said  inputted  region,  direction  of  subsequently  enabled  display  elements 

7.  The  display  system  ofclaim  6  wherein  said  process-  ^^^  ^^  inversion  point  and  forming  two  bound- 
ing means  further  includes  logic  means  for  executing  j^^es  of  a  contrasting  area; 

logic  operations  between  ordered  lists  of  inversion  inputting  a  region  comprising  a  plurality  of  inversion 

points  defining  at  least  two  regions.                                 20  ^^^  ^^  ^^  memory  means; 

8.  The  display  system  of  claim  7  wherein  said  lo^c  displaying  said  inversion  points  comprising  said  re- 
operations include  the  functions  of  logical  AND,  OR,  g^^^  ^^  enabling  said  corrsponding  elements  on 
NOT,  and  exclusive -OR.  said  display  and  generating  said  contrasting  areas 

9.  The  display  system  of  chum  7  wh«;em  said  reading  ^^  ^^  ^  ,^y  ^j^^  ^^^^  ^f  ,  ^^^^  j^^  ^ 
means  reads  a  destination  bitmap  withm  said  monory  25  function  ofthe  coordinates  of  previously  displayed 
means,  said  destination  bitmap  mcludmg  a  plurality  of  points: 

mversion  points  representing  regions  currently  being  ^^           ^^  ^^^^  ^  disphiyed  by  displaying  said 

displayed  on  said  raster  sc«.  display.  Aversion  points  comprising  said  region  and  gcner- 

10.  TTie  display  system  of  claim  9  wherem  said  mem-  said  Wociated  contiisting  areas  on  said  dis- 
ory  means  further  mcludes  at  least  one  source  bitmap,  30            .    *                                          ^ 

said  source  bitmap  ^^^"^^8  «  P^^f «|||y  "'j^^  18^e  method  as  defined  by  claim  17  further  includ- 

points  repr^entmg  regions  »t  least  some  Pp.rt>ofl  of  of  identifying  and  storing  in  said  memory 

which  may  be  transferred  to  said  destmaUon  bitmap.  "**        .    r                '.  *    .^-  .  ^  ^f. .  ,.  -^ 

11.  The  display  system  of  claim  10  wherein  at  least  '"'^J^*  >"^P?"  ^T^^^f  ^"il^^^  •  -. 
one  scan  line  buffer  is  defmed  within  said  memory  35  ^.^^:^'T^^^J'^  "^  \^^<^^^ 
means,  said  scan  line  buffer  being  sufTicienUy  large  such  ^^^^^l  system  includes  a  plurah^  of  raster  scan  hnes 
that  it  contains  adequate  bits  to  renresent  all  elements  "^^"^^  ^t  ^  ""f?  !^  T  i  '^  Jo  f  ^k  -  i  h 
disposed  along  a  sSn  line  of  said  rkster  scan  disi>lay-  .   ^J^^  ^^'^  as  defmed  by  ciami  19  further  mclud- 

iTrhe  display  system  ofclaim  11  wherein  said  read-  ">£  ^he  step  of  readmg  said  invf^ion  pomts  defming 

ing  means  s^uentially  reads  inversion  points  in  said  40  said  region  from  said  memory  m  the  order  m  which  said 

source  bitmap  and  provides  a  representation  of  said  <^>«°c°?  ^^  ^^^  ^V^^^^  t^^fX  ^yf^\      .       . . 

region  in  said  scan  line  buffer  thereby  providing  a  scan  21.  The  method  as  defmed  by  clami  20  wherem  said 

of  said  region  in  said  source  bitmap  corresponding  to  stormg  step  mcludes  sorting  said  mversion  pomts  mto 

each  scan  line  of  said  display  means.  *"  o^^^^"*  ^^  ^  accordance  with  a  predetermmed 

13.  The  display  system  of  claim  12  wherein  at  least  45  convenfion.  ,^,:  ,.,*.  -  -^ 
one  scan  line  mask  buffer  is  provided  within  said  mem-  «.  Ihe  method  as  defined  by  claim  21  wherem  said 
ory  means,  said  scan  line  mask  sequentially  providing  a  sorting  convenUon  comprises  sortmg  said  "version 
scan  of  said  destination  bitmap  such  that  the  contents  of  PO^ts  m  accordance  with  their  coordinates,  such  that 
said  scan  line  mask  are  representative  of  a  region  stored  said  points  are  sorted  left  to  nghl  and  top  to  bottom 
within  said  destination  bitmap  in  the  order  in  which  it  is  50  relative  to  one  another.  ...,.,  ^  ^  .,  . 
scanned  by  said  display  means.  23.  The  method  as  defined  by  chum  22  further  mclud- 

14.  The  display  system  of  claim  13  further  including  ing  the  step  of  providing  a  one  scan  hne  buffer  defined 
comparison  means  for  comparing  the  contents  of  said  within  said  memory  means,  said  reading  means  sequcn- 
scan  line  mask  and  said  scan  Une  buffer,  such  that  prior  tially  providing  a  representaaon  of  said  region  m  said 
to  the  transfer  of  the  contents  of  said  scan  line  buffer  55  scan  line  buffer  corresponding  to  each  scan  Ime  on  said 
from  said  source  bitmap  to  said  destination  bitmap  for  display. 

display,  the  contents  of  said  scan  line  buffer  are  com-  24.  The  method  as  defined  by  claan  23  ftirther  mclud- 

pared  to  the  contents  of  said  mask  buffer  for  each  scan  ing  the  step  of  providing  a  one  scan  Ime  mask  buffer 

line  position  of  said  disphiy  means.  within  said  memory  means,  said  mask  buffer  sequra- 

15.  The  display  system  of  claim  14  fiirther  including  60  tially  providing  a  representation  of  a  region  being  dis- 
precedence  control  means  for  providing  a  predeter-  played  on  said  display  such  that  the  contents  of  said 
mined  priority  as  defmed  by  a  user  between  the  contents  mask  buffer  correspond  to  each  scan  line  of  said  dispUy. 
of  said  scan  line  mask  buffer  and  said  scan  Ime  buffer  as  25.  The  method  as  defmed  by  claim  24  further  includ- 
compared  by  said  comparison  means,  and  for  transfer-  ^  ing  the  step  of  comparing  the  contents  of  said  scan  line 
ring  portions  of  said  scan  line  buffer  which  have  prece-  65  buffer  with  the  contents  of  said  scan  line  mask, 
dence  to  said  destination  bitmap  for  display.  26.  The  method  as  defmed  by  claim  25  further  includ- 

16.  Th5  display  system  of  claim  15  wherein  each  mg  applying  a  predetermined  priority  between  the  con- 
region  inputted  into  said  memory  means  is  defmed  by  at  tents  of  said  scan  hne  buffer  and  said  scan  hne  mask. 
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such  that  cnly  selected  portions  of  said  scan  ^ine  buffer 
contents  arc  displayed  on  said  display  system. 

27.  A  method  for  selectively  transferring  data  from  a 
first  location  in  a  computer  memory  to  a  second  loca- 
tion in  said  memory,  comprising  the  steps  of: 

defining  a  one  scan  line  buffer  in  said  memory,  said 
scan  line  buffer  sequentially  repr^isenting  said  data 
in  said  first  location; 

defining  a  one  scan  line  mask  buffer  in  said  memory, 
said  scan  line  mask  sequentially  representing  data 
in  said  second  location; 

sequentially  comparing  the  contents  of  said  scan  line 
buffer  with  the  ccntents  of  said  scan  line  mask  prior 
to  the  transfer  of  the  contents  of  said  scan  line 
buffer  to  said  second  location; 

providing  a  predetermined  precedence  as  defined  by 
a  user  between  the  contents  of  said  scan  line  buffer 
and  said  scan  line  mask,  such  that  only  selected 
data  comprising  said  scan  litie  buffer  having  prior- 
ity is  transferred  to  said  second  location; 

whereby  data  is  selectively  transferred  from  said  first 
location  to  said  second  location. 

28.  The  method  as  defined  by  claim  27  wherein  said 
second  location  comprises  a  plurality  of  bits,  each  bit  25 
corresponding  to  an  element  on  a  display  system. 

29.  The  method  as  defined  by  claim  28  wherein  data 
in  said  second  location  is  displayed  on  said  display  sys- 
tem. 

30.  The  method  as  defined  by  claim  29  Avherein  said  30 
scan  line  buffer  sequentially  represents  said  data  in  said 
first  location  in  the  order  in  which  said  data  will  be 
displayed  on  said  display  system. 

31.  The  method  as  defined  by  claim  30  wherein  said 
scan  line  mask  sequentially  represents  data  in  said  sec-  35 
ond  location  in  tht^  order  in  which  said  data  is  displayed. 


10 


15 


20 


32.  The  method  as  defined  by  claim  31  wherein  said 
data  within  each  of  S£id  locations  is  representative  of  at 
least  one  region,  said  region  comprising  a  plurality  of 
inversion  points  each  of  said  pomts  having  a  coordinate 
corresponding  to  »n  elctnent  on  said  display,  wherein 
coordinates  of  each  inversion  point  specify  orthagonal 
lines  extending  iii  the  direction  of  suteequently  enabled 
display  elements  from  said  inversion  point  and  forming 
two  boundaries  of  a  contrasting  area. 

33.  The  method  as  defined  by  claim  32  wherein  the 
process  of  determining  the  location  of  inversion  points 
defining  said  region  includes  the  steps  of: 

detecting  horizontal  line  segments  comprising  said 
region; 

defining  inversion  points  at  coordinates  correspond- 
ing to  the  end  points  of  said  line  segments. 

34.  The  method  as  defined  by  claim  33  further  includ- 
ing the  step  of  sorting  said  inversion  points  defining  said 
region  in  accordance  with  a  predetermined  convention. 

35.  The  method  as  defined  by  claim  34  further  includ- 
ing a  process  to  determine  if  a  specified  point  lies  within 
said  region,  said  region  being  defined  by  an  ordered  list 
inversion  points  arranged  such  that  said  inversion  points 
are  sorted  in  accordance  with  their  coordinates  left  to 
right  and  top  to  bottom  relative  to  one  another,  com- 
prising the  steps  of: 

defining  at  least  one  fiag  bit  in  said  memory,  said  flag 
bit  initially  set  in  a  first  state; 

scanning  through  said  ordered  list  and  switching  said 
flag  bit  to  a  second  state  in  a  event  that  an  inversion 
point  in  said  list  has  a  vertical  coordinate  greater 
than  or  equal  to  the  vertical  coordinate  of  said 
specified  point  and  a  horizontal  coordiate  less  than 
that  of  said  specified  point; 

determining  the  state  of  said  flag  bit 
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[57]  ABSTRACT 

A  local  area  network  is  disclosed  including  apparatus 
and  methods  for  transferring  daU  between  a  plurality  of 
data  processing  resources  ("agents")  coupled  to  a  cable. 
In  the  preferred  embodiment,  a  plurality  of  agents  arc 
coupled  to  a  common  cable  for  dau  transmission  and 
reception.  An  agent  newly  coupled  to  the  cable  dynami- 
cally assigns  itself  a  unique  address  on  the  cable  to 
which  other  agents  may  send  data.  Once  an  agent  has 
been  assigned  a  final  address,  it  may  then  transmit  to, 
and  receive  data  from,  other  agents  on  the  cable.  An 
agent  desiring  to  send  dau  to  a  receiving  agent  follows 
a  three  step  liandshake.  wherein  the  sending  agent  trans- 
mits an  "RTS"  signal  and  within  a  predetermined  time 
must  receive  a  "CTS^signal  from  the  receiving  agent. 
The  sending  agent  then  transmits  a  data  frame  within  a 
predetermined  time  after  the  CTS  signal  is  received. 
The  failure  to  detect  a  return  CTS  signal  withm  the 
predetermined  time  denotes  a  collision  condition.  Re- 
transmission is  attempted  using  a  linear  back  off  method 
which  is  adjusted  based  on  previous  cable  tiafTic  his- 
tory. 

38  Oaims,  15  Drawing  Figures 
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For  example,  despite  efforts  to  lov^  er  costs  using  VLSI 
LOCAL  AREA  NETWORK  WTTH  CARRIER  SENSE        technology,  a  typical  LAN  node  may  represent  a  signif- 
COLUSION  AVOIDANCE  icant  percentage  of  the  total  cost  of  a  personal  com- 

puter. Accordingly,  in  the  personal  computer  market 
The  present  application  has  been  Hied  concurrently  5  local  area  networks  have  been  prohibitively  expensive 
with,  ami  U  related  to,  U.S.  patent  application.  Ser.  No.  to  implement,  in  addition,  roost  local  area  networks 
06/715.066.  filed  Mar.  21.  1985.  and  hereby  refers  to.  utilize  complex  cabling  techniques  and  require  a  system 
and  incorporates  by  reference  the  contents  of  the  administrator  who  is  trained  in  the  installation,  updaUng 
above-referenced  application.  and  maintaincncc  of  the  LAN  system.  Moreover,  many 

-  «,^*r««^T  '0  local  area  networks  utilize  relatively  complex  protocols 

BACKGROUND  OF  THE  INVENTION  ^  ^^^j^  ^^^  ^^^^^  ^^.^^^  coupled  to  the  LAN  to 

1.  Field  of  the  Invention  communicate  under  various  conditions. 

The  present  invention  relates  to  apparatus  and  meth-  as  will  be  described,  the  present  invention  provides  a 

ods  for  transferring  dau  between  a  source  and  a  plural-  iQcal  area  network  for  communication  and  resource 

iiy  of  receiving  dau  processing  devices.  More  i^rticu-  15  sharing  among  various  computers,  servers,  disks,  print- 

larly.  the  present  invention  relates  to  data  transfer  along  ^^s.  modems  and  other  data  processing  devices.  The 

a  local  area  network  between  a  plurality  of  daU  pro-  present  invention  supports  a  wide  variety  of  local  area 

cessing  and  peripheral  devices.  network  services,  and  permits  communication  to  larger 

2.  Art  Background  networks  through  the  use  of  bridging  devices.  The 
In  the  computing  industry,  it  is  quite  common  to  20  present  invention  provides  an  economical,  reliable,  and 

transfer  data  and  commands  between  a  plurality  of  dzta        mechanically  simple  local  area  network  heretofore  un- 
processing  devices,  such  as  for  example,  cop*puters,        ^nown  in  the  prior  art 
printers,  memories  and  the  like.  The  intcrcomiection  of  „«,maRY  OF  THE  INVENTION 

computers  and  other  peripheral  devices  prmcipally  SUMMARY  OF  THE  INVfcNUUW 

developed  in  the  early  1970's  with  the  advent  of  com-  25  ^  j^^^  ^^  network  i*.  disclosed  including  apparatus 
putcr  networking  systems,  which  permitted  the  distri-  ^^  methods  for  transferring  dau  between  a  plurality  of 
bution  of  access  to  computing  resources  beyond  the  jaU  processing  resources  ("agents")  coupled  to  a  cable, 
immediate  proximity  of  a  main  frame  computer.  ^^  ^^  preferred  embodiment,  a  plurality  of  agenis  are 

Networks,  such  as  the  ARPA  Network,  were  devel-  coupled  to  a  common  cable  for  daU  transmission  and 
oped  to  provide  access  by  various  users  to  large  time-  30  jg^^^p^jQ^  ^j,  gg^nt  newly  coupled  to  the  cable  dynami- 
sharing  systems  and  the  transfer  of  daU  between  such  ^^^  assigns  itself  a  unique  address  on  the  cable  to 
systems.  In  the  case  of  geographically  local  networks,  ^j^.^j^  ^^^^^  ^^^^  ^^^  ^^^  ^^  y^^  a^ent  generates 
so  called  "loa.|  area  networks"  (LANs)  were  devel-  ^  random  number  within  a  predetermined  range,  or 
oped  to  connect  together  a  coUeciion  of  compuiere.  retrieves  a  previously  stored  initial  number  ("hint"),  for 
terminals  and  r^criphcrals  located,  typically  in  the  »mc  35  ^  ^  ^  tenUtive  address.  The  agent  transmits  an  en- 
building  or  adjacent  buildmgs.  and  permitted  each  of  ^^  (ENQ)  over  the  cable  to  the  tcntotive  ad- 
these  devices  lo  communicate  among  themselves  or  ^  ^  ^^  detenr.ine  if  the  tcnutive  address  is  currently 
with  devices  atuched  to  other  networks.  Local  area  ^.^^  ^^^  ^^^j,^^  ^^^^  j^  ^  acknowledge  (ACK) 
networks  permit  the  implementation  of  d.stnbutfd  com-  ^.  -  .^  ^^-^^  ^  ^^e  sending  agent  in  response  to  the 
puting.  In  other  words,  some  of  the  devices  cou^  to  40  6  ^  ^^^^^^  ^^^  ^^^^^  .^  generated  as  a 
the  local  area  network  may  be  dedicated  to  perform  ^^-^^  address  and  additional  ENQ  signals  are  sent 
specific  functions,  such  as  file  storage.  (^U  base  mM-  ^^  ^^^  ^^^^^  ^^  ^^^  ^.^^  ^  received,  the  sending 
agcment.  terminal  handling,  ^d  so  on.  By  ^^S  ^i^  lenutive  address  as  a  final  address  in 
ferent  machines  perform  different  tesks.  distributed        ^^  _^„^. 

computing  can  make  the  implementotion  of  the  system  45  ^^  ^n  .gent  has  assigned  itself  a  final  address,  it 
simpler  and  more  efficient  ^    ,  _ ..         mav  then  transmit  to.  and  receive  dau  from,  other 

Local  area  networks  differ  from  A«r  long-hajU  cous-        ^^^''^  j^    ^^  ^^  dau  to  a 

insin.numberofrespects.  Akeydiffe^ceist^^^  Sng  agem  sLes  the  cable  to  determine  if  the 

designers  of  long-haul  networks,  such  as  the  ARPA  ^"  js  idle  or  in  use.  If  the  cable  is  in  use.  the  agent 
network,  are  often  forced  by  econonjic  or  legjOrea^ns  50  ^^^^J^^^^^ 

to  use  the  pubiic  telephone  netv.ork,  regardless  of  its  *>^^^^"^  j^j     ^y^^  ^^ing  agent  waits  a  predeter- 

technical  suiubility.  In  cont^t  most  local  ar«  ne^-  ^.^^d^~^;^^^^^  „„doin  time  before  transmitting  an 
works  uuhze  ihcir  own  high-bandwidth  cable  to  perrnU        mineo  f«        p  ^h^  ^„ding  agent 

daugram  service  between  the  vanous  devices  coupl^  then  moS  the  c^blTfor  a  "CTS"  signal,  which  must 
to  the  LAN.  TTie  most  common  transmission  media  for  55  ™^^^  °^' ^^^^  agenfto  the  sending 

carrier  sense  local  area  networks  are  co-atial  cable.  be  iransmineo  ^yjf'^J^  .L/rtFn^  aficr  the  re- 
^^  pair  and  fiber  optics.  A  variety  of  cable  topolo-        agent  7^'"  «  PI«^=^^^ 

Channel  utUi^tion  to  be  push«i  «gnific«.tly  above  the        CTS  s^^  w.thm  ^^^^^^^^^  p\^, 

^^:!^.1^''J^lTo^"^o^.  the  promise  of  ^^^^^^^^-}^^^ 

disiribut^   pS^ng   and   communication  between  65  ^^^n  method  ^h.ch  dyn^<^\yjdj^^^^^^ 

dTu  processSig  devices,  a  number  of  factors  have  pre-  before  a  re-transmission  attempt  based  on  rc^!«  <=^We 

^te^^S^use  anTaccepUnce  of  local  area  net-  traffic  history.  Accordingly,  iheprj^^^^^^ 

works,  such  as  ETHERNET  (U.S.  Pat.  No.  4.063,220).  vidcs  a  method  of  mimmmng  collisions  and  permits 
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hy  of  .g«.«  coupled  to  the  common  cable  S^^^ic^rio^  i::;^ri::cr»  which  is  loupled  to  the 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  ^^nX  and  to  common  cable  32  through  connection 

tnr-    t  nh.«tr-tr<  .  local  area  network  adapted  to   5   modules  34.  connection  modules  34.  which  m  the  prcs- 

FIG.  1  Illustrates  a  local  area  nciworfc  «u«hum    «        ^tivi  «r^fi.rr«i  embodiment,  contain  a  passive  couphng 

utilize  the  te«:hings  of  the  preseijt  mvenuon  ^J^l^^^-^-'  ^^^  *^  »" 

""ko.  3  i..u«n.tes  the  fn^e  fornut  utilize,  by  the  >0  ^-f -SnT^^a'r.'-^^^ 
present  invenfon  to  .^T'^"  ?^"Jf  ^"jj^^''"^        of  S!n^"?^other  agent  In  «idition.  commu- 
«^"o'  /"r-^- t  "^^^v':^oT::^of  .       :ica.Kerface29includesknowncircuhry«.d.ogK 
.ynT«.4i.to;"p;Sse^pHo.  to  the  t^nsmission  of  .  ^^  -— ^^f  ^rrb^-^feitut ^^nS 

^'^^.5U.us.n..es.n«K,ui^(E^f™^e^^^y  ^-^Z^^^^^t^n:Z''Xl^.f'^- 
the  present  mvenfon  dunng  dj-namic  «Wress  assign  ™t  '^^".p^jj.^  ^^^^  programming  routines,  and 
'"^^/-   «  i.  .  flnw  chart  illustrating  the  sequence  of       other  logic  comprising  communication  mterface  »  wiH 

"?,G.7di.gr.....ic-.ymu«r,t«thepres».mv«..        ^f  ™--f ^^  ^^^.^  i:;r.SS'oS^rSs';ot 

•*  HGS"  Z  '^m  .re  a  How  chart  illustrating  the  -PH-.  «y,e.'::!^.T„1^J-Jl- ^^ '*!  Sro^r^t 
sequence  of  operations  of  a  sendmg  device  to  oot»n        '^^--^—---,,y  coupled  to  cable 

"rg'^  a  diagrammatical  Ulustration  of  the  trans-  30  32,  a  failure  of  an  agent  or  -c^^-f^O"  »«>">=  «"' »°' 
mSon  of  an  "rIs"  frame  by  a  sending  device  after        O-P^------  --^.^^^  f„te„,„„  p^^^aes  a 

*^"cf.'Vfa^Sc\.agra.m„t..^^^^^  ^^^Z.^Z^^^r^f  ^^^"^^^t^^^ 

invention's  use  of  a  senal  controller  device  couple  to        mmi|^  ^  ^^^^        ^   ^^  ^^^^^  ^p^^^^  ^^^^ 

the  local  area  network.  „■  •  „i,  ..  „Hnt/-r  -W    utilizinz  orotocols  and  collision 

FIG.  11  illustrates  the  pr-"t  ^jivention's  colI«.on        -^^^P^^  ^f^.^r^M^  and  apparatus.  -Pie 

avoidance  method  inciudmg  deference.  'r«)^  inv^tion's  architecture  and  prolocc Is  minimize 

FIG  12  "'-■--  ''•"°l-°;"!^i„''^^^^^^^^  ElLraTc^m^on^ion  Lmplexiti«  com- 

nismo  the  present  mvenucw^herem  wo    RTS  sig    ^^„  j^or  art  systems,  and  permit  high  speed  semU 

nals  collide  a-ong  the  local  area  networit.  -^ „,.„i™,in„  .lone  cable  32.  The  present  invention 

RGS.  13(a)  and  13(*)  are  a  flow  clmn  .llustrating  the        ^°— ^^^".^^^^^^  to  the  net- 

generation  of  the  random  wait  pcnod  R-  C^luch  ^dl  smred  in  local  memories,  or  disk,  and 

DETAILED  DESCRIPTION  OF  THE  the  common  use  of  global  printers,  without  the  neco- 

INVENTION  45  sity  of  complex  or  active  termination  circuitry  at  the 

A  local  area  network  incUuSing  -PP-- "-^^n^^  ''^^X'^^'^^'^^^"'^^^'^"^^^^^ 
ods  for  transferring  dau  between  a  plurality  of  data  f.=^°=^"P'~J°  ^„  opemtes  at  approximately  230 
processing  resources  coupled  to  a  common  cabte  ^  ^f  P^"^  S  Lo^gT"  Aield^.  twisted  p«r 
disclosed.  In  the  followmg  description  for  pun>oses  of  ^'*'«  i^'^J^  ;„  «iordance  with  EIA  standard 
expl«»tion.  specific  numbers,  bytes,  regis  «n.»d-  50  ^^^^^^^"^^l^'^Zations. 
dresses,  times,  signals,  and  formats,  etc  are  *et  for^;m  ^^l^;i'^^°^^l,^  encoded  and  transnitted 
order  to  provide  a  thorough  understanding  of  the  pres-  J";""'"*  '°  ;'"•  t:,f^,ocking  technique  known  as 
ent  invention.  However,  it  will  be  apparent  to  one  on  cable  ^^^'^^^f  [^^^"^^^■^^J^  bit  cell,  typically 
skilled  in  the  an  that  the  present  invention  may  be  prac-        ™-°^^';P^ '^*^Vu«^^^^^  ,  state  transi- 

Uced  without  thrs,  specific  details.  I"  "*«  tnstiuio^^  55  *^34  mcr^nds  in  du«t^^^^^^^ 
well  known  circuits  and  devices  are  shown  m  block        "'" '' "' "°\^^  .;  '^  iUustraled,  zeros  are  encoded 
diagram  form  in  order  not  to  obscure  the  pment  mven-        "'^^iLg  »  Sio.;ai^r^roJ^g  transition  at  mid- 
tion  unnecessarily.  '  ,  ^  crossings  are  detected  for  each 

Referring  to  FIG.  1.  the  present  »v»1^^^y  ««-  f^  ^'c^^^d  ""simUarly,  a  logical  one  is  pro- 
dude  a  plurality  of  daU  processing  dr«ces  (  DPD  )  60  *;^  ■"'^'°^i^„,„  ^„  by  ,  zero^rossing  transition 
identified  generally  by  the  numerals  25  through  2«  ^  "^^'"^  e^  Ac^r""gly.  through  the  ^  of  FM-0 
well  as  periphend  devices  such  «Xr™;ro^°\°?^        Siig  cT<ikfnr^orl'tion  is  Lried  by  me  daU 

TL^,^^\  .nd>S^™l  f^-^^^,  «  '''V^fSlrio  Fia  3.  the  oresent  invention  «ti- 
coupled  to  the  present  mvenUon's  K^^*^"  "«*°?  liz«T^i  u^t  of  deu  transmission  known  as  a 
S^!.^:^'^^Sr2nrp%i."^rin^-       !^"rF.::e3.mcludesapreambleco„sistingof 
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two  or  more  synchronization  (-flag"  bytes  38  uid  40.  In  time,  of  the  signal  TxD  onto  cable  32,  thus  ensuring  at 
the  presently  preferred  embodiment,  each  synchroniza-  least  one  zwo  crossmg  m  the  synchronization  pulse  56 
tion  byte  comprises  the  bits  OllIlllO.  As  is  known.  In  addition  the  detectron  ^.^J^,':.^;^"!^^' <"»f>  ^'" 
synchronization  bytes  3«  and  40  permit  receiving  data  (i.e..  38  and  40)  clears  the  hunt  ^tm  the  Z8530  de- 
processing  unit  coupled  to  cable  32  to  synchronize  their  5  vice,  and  permitt  each  agent  coupled  to  cable  32  to 
Jtceiving  circui-.s.  «.d  to  receive  necessary  dock  infor-  more  eHcKaitly  detect  whether  or  not  cable  32  is  cur- 
mation  (through  the  use  of  FM-0  encoding).  Following  renUy  in  use  prior  to  the  transmjssion  of  a  frame^  as  wd^ 
synchronization  bytes  38  and  40  is  an  eight-bit  destina-  as  providmg  the  necessary  synchromzation  bus  o  allow 
tion  address  41  which  specifies  the  address  of  the  data  the  receiving  agent  to  clock  itself  to  the  "ncoming  data 
processing  agent  for  which  the  frame  is  intended.  A  .0  frame.  It  will  be  f  P^~""«l'5?l'^'!!™8h  Ae  presem 
^urce  .ddr«s  42  comprises  an  eight-bit  «Jdress  of  the  mvention  currently  uses  a  Zg530  SCC  device  for^ 
data  processing  agent  transmitting  the  frame  of  informa-  tecting  missing  clock  cycles  and  synchronization  bytK, 
tion.  A  "type"  field  45  is  provided  to  specify  the  type  of  that  other  circuitry  may  equally  be  used  for  the  same 
frame  which  is  transmitted  through  the  use  of  various  function.  u,  »,  •  j  ^r «i  k.,  . 
codes.  For  exaiapl--.  type  field  4S  may  designate  an  15  Each  agent  coupled  to  cable  32  is  'dentiried  by  « 
«:knowledge  (ACK)  fnune.  an  enquiry  (ENQ)  frame.  unique  binary  address  along  the  cable.  One  feature  of 
as  well  as  Li  Rl-S  and  CTS  frame,  which  wUl  be  de-  the  present  invention  is  that  an  agent  coupled  to  cable 
KSibed  more  fully  below.  The  type  field  is  followed  by  32  does  not  require  a  predefined  permanent  address, 
a  multi-byte  data  field  (possibly  of  zero  length)  which  Thus,  for  exmiple,  device  27  may  be  removed  from 
may  contain  ra>»'  data,  messages,  and  the  like  to  be  20  cable  32  and  then  lecoupled  to  another  cable  at  a  (hf^- 
transmitted  between  the  agents  coupled  to  cable  32.  ent  location  without  need  W  configure  an  addrew^ 
Following  the  dau  field  48  is  a  16-bit  frame  check  se-  When  an  agent  is  newly  coupled  to  cable  32.  a  unique 
quenc*  which  is  computed  as  a  function  of  the  contents  protocol  is  followed  such  that  an  addr«s  B  dynamically 
of  the  source  address,  destination  address,  type  and  data  generated  and  assigned  by  the  agent  itself  In  the  pres- 
fields.  In  the  present  embodiment,  the  frame  check  25  cntly  preferred  embod.ment.  the  address  of  each  agen 
sequence  (FCS)  is  defmed  using  th-  standard  CRC-  is  identified  using  an  eight  bit  identifier  (where  "o  agent 

CCITT  polynomial.  The  frame  check  sequence  50  U        may  have  a  zero  addre^or  an  address  of  255) 

followed  by  an  eight-bit  synchronization  ("flag")  trailer  Refemng  briefly  to  FIG.  6.  the  «=^'="<^  °^-°f!' J 

52  (consisting  of  the  logical  bits  01 1 1 1 1 10).  and  an  abort  tions  which  an  agent  utilizes  ui  order  to  determme  «id 

teauence  53  which  consists  of  eleven  or  more  ones  in  a  30  assign  itself  an  address  is  illustraied.  It  is  spparent  ttat 

row.  Abort  seqience  53  is  used  to  delineat-  the  end  of  to  prevent  disrupted  service  no  agent  may  acquire  the 

the  fr«ne  36  to  agents  coupled  to  cable  32.  Frame  36.  as  same  addr^  as  an  already  .unctiomng  agem.  In  pnc- 

will  be  described  is  transmi. ted  along  line  32  in  a  serial  tice.  the  address  of  agenu  may  be  al  ocated  between 

;;;,chJonous  fasiion  using  a  handshake  sequence  of  general  data  processing  d-vic^  and    «rve„    wh  ch 

control  frames,  which  are  in  turn  followed  by  the  daU  35  may  comprise  mam  frame  or  °«'^f^„'^''"f„'"X 

frame  36  Ulustr.tcd  in  FIG.  3.  present  embodiment,  addresses  '  f''"""/'' J27 j^allCH 

As  shown  in  FIG.  4,  prior  to  the  transmission  of  a  cated  for  general  purpose  agents,  and  addresses  128 

fr«,V  a  transmitting  agent  coupled  to  cable  32  trans-  through  254  are  aHocated  for  use  by  ?r'«?-^^h°*» 

mits.synchroniz.tionpulse5«which.isfollowedbyan  in  RG.  6,  upon  being  coupled  to  cable  32jCach  agent 

idle  period  greater  th«.  two  bit  times  and  less  than  10  40  either  generates  an  arbitrary  random  number  within  a 

bit  tSes  Mse  56  may  comprise  any  signal  containing  predefined  range  or  obtains  a  starUng  "^^^^^ 

a  zero  crossing.  In  the  present  embodiment,  as  Ulus-  some  long  term,  non-volatile  memory  (for  example 

trated  in  FIG  10.  each  agent  coupled  to  cable  32  utUizes  read-only-memory  or  magneuc  medium)  referred  to  as 

Sg  Z8530S^«rS  communication  controller  a  "hint".  Tins  random  number  (or  "hint")  is  tr«^  as  a 

cta^T^««essing  cable  32  through  a  line  driver  80  and  45  "tentative"  address,  and  the  agent  then  transmits  u. 

Tlhie  1^^  «r   (See.   Zilof  Technical   Manual.  enquiry  (ENQ)  frame  which  utilizes  the  tenttttve  «1. 

Z8O30/Z853O  SCC  Serial  Communications  Controller.  dress  as  a  destination  '^'^"^■J^  ^^'"2' IT^IZ^ 

Januarv    1983  )  The  Z8530  SCC  device  79  includes  mitted  is  of  the  form  Ulustrated  in  FIG.  5.  and  includes 

'S^  which  sTches  for  synchronization  (fiag)  bits  «.  initial  pulse  56  separated  XJ'^^^sLT^ 
when  in  a  "hunt"  mode.  As  previously  discussed,  the  50  pnor  to  the  *y"'?;iromzation  (Hag)  bytts  M  imd  40. 

present  invention  utilUes  a  synchronization  (flag)  byte  previously  d«cnbed  w«h  reference  to  "G-  '_™ 

having  the  bit  siatef  01 1 1 1 1 10.  In  addition,  the  serial  destination  address  41  of  FIG.  5  as  well  as  the  wJurM 

^mmunication  controller  chip  has  the  capability  of  address  42.  contains  '^ V'^willt^'^ted  tl^  fe 

detecting  a  missing  clock  cycle,  and  setting  a  missing  randomly  or  through  the  hmt.  It  will  be  noted  that  he 

Sbi?  within  the  devi«  if  following  a  given  zero  55  type  field  45  n  "G"  «  ^^"'^■^^ J''.™;;^^^.' *^'^') 

crossing,  a  predefmed  period  (greater  than  1  bit  time)  identifies  the  frame  of  FIG.  5  as  "•    "^"^jy    <f  ^QJ 

eU^tithout  a  succeSve  zero  crossing  of  the  incom-  frame  for  use  m  «d''j!»,^'fX"'.v™^^otherr«^1 

ins  sienal  R  D  transmitted  over  cable  32.  In  the  event  another  agent 

Thfpulse'56  provided  by  a  tr^omitting  agent  cou-  has  previously  been  assigned  the  tentative  addr«s^  the 
pled  to  cable  32 1^1  be  taken  as  a  clock  by  all  receiving  60  agent  already  using  the  tenutive  address  '«=<"'«*= 

««^  However,  since  it  is  followed  by  «.  idle  period  ENQ  frame,  and  in  response  transmits  an  acknowledge 

^.^  tfl  two  bit  times,  a  missing  clock  U  detected  frame  (ACK)  back  to  the  tnmsmittmg  agent.  In  prj^ 

STthe  missing  clock  bit  is  set  in  the  SCC  device  79  of  tice.  ^'^f^''^%^^T:^7^V°»L^£ 

each  agent  connected  to  cable  32.  thereby  notifymg  frame  discl^  m  FIG.  5.  except  that  «he  type  bj^e 
agents  Uiat  cable  32  is  in  use.  In  the  preferred  embodi-  65  contains  a  binary  code  identifying  the  packet  as  an 

ment.  the  synchronization  pulse  56  is  obtained  by  mo-  ACK.                                -  .    ..            .  .v...  .«  Anr 

^^y  enabling  the  line  driver  80  for  at  least  one  bit  As  Ulustrated  mRG.  6.  m  the  event  that  an  ACK 

time.  TlUs  causes  transmission,  for  the  pulse  duration  frame  U  received  by  the  transmittmg  agent,  that  agent 
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ACK  frame  has  bten  received,  the  transmitting  agent  see  if  a  synchronisation  pulse  has  been  detected,  t»tore 
5.?.^;^:t^te^«tive.adre..Usrm^^^  _^  "^frn! Sh!^?2 ^^n^d^'ii^uSu-^is r.^^^^ 

''^r.n  ag^hl^'been  assigned  a  final  address,  it  .5  ,Le  "as  the  ENQ  frame  illustrated  *"  "G^^;.  J°w«v" 
ma?t"en  c^^u^tet^th  o*er  agents  coupied  u,  the  type  "dd  contams  a  b.na^^eJen«^y-»B*« 
aWe  Wuiu^B  a  handshake  protocol  and  collision  frame  as  an  RTS  rather  thaii  an  ENQ  '"^'^^''^^ 
"o^d  "ce  mrhLitrdescribed'  below.  Referring  to  »?  »Scnt.  upon  r^ng  '»>=  RTS  fr^e^fromje  mm^ 
vnr-Q  1  M»\  R/M  and  9  communication  between  mitt^ng  agent,  transmits  a  Cia  iramc  oai,*  ^  "^ 
.^S'.lS:i'to'^^b;r32'c;cc^r?;."rough  a  three-way  20  origituU  '--ijf "A^^"  Atrthf  cT^Ie  R?S 

char,  of  FIGS.  8(.)  «id  8(6).  A  sending  agent  pnor  to  '™=.  /-'»  w^«  ^1^3^  ^so'Sa^ng  a  d«Tna^on  ad- 
transmission  determines  whether  or  not  the  "hunt  bit  ^dmg  "  f  "^^^„*?^''"' "'^  of  g„eral  broad- 
in  the  Z8530  SCC  serial  controller,  or  other  appropriate        dress  of  25i.  Accordingly,  "  *=  =^  °' ^'^^  ^^  not 

cable  32  is  currently  in  use  and  the  agent  wishmg  to        pcnod  has  »»»?««*. *^**'J^;?^7'"r^^  f_^.  .  ^^^i^. 

«.»d  m  nos. «.).  T«  torn  ^  wj,  =;•«■•«»;     "^.'S^'STJ  b,  o„=,m«im,i«.«a«.i. 

Other  agent  has  attempted  to  use  the  «Wc^  "»d  a  r^^        "^^jn'hTevent  that  another  agent  begins  a  transmission 
dom  wait  operation  is  then  executed.  In  addition,  during  in  ^J^'Z^^J'^ir'"         «ehanM  described  above, 

generated  (the  details  regarding  the  generation  of  R  will        ™' »  ^°"*"°"  ""  CTS  frame  exchange,  and  thereby 
be  discussed  below).  As  shown..the  random  wait  opera-        complete  RTS  an  CTIb  frame  excnangc 
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prevent  «  proper  handshake  from  occurring.  NormaHy,        which  denote  the  "^^^er  of  collisions  «.ddcfci^s  for 
S-^nVeem  desiring  to  transmit  daU  on  cable  32  senses        the  particular  message  to  be  sent  are  also  set  equal  o  0, 
that  ihScTcurrently  in  use.  it  defers  the  transmis-        Moreover,  as  shown  in  HG.  13,  the  value  of  L  .s  then 
sion  of  its  own  RTS  until  the  cable  is  idle  (sec  FIGS.  11        set  equal  to  the  value  of  G. 
Md  12>  '       P^""  *°  beginning  the  front  end  wait  sequence  dis- 

Refnring  now  to  F-GS.  9,  I3(fl)  and  13(6).  the  se-  dosed  in  FIG.  8(o),  the  present  invention  determine 
oucnce  of  operations  executed  by  the  present  invention  whether  or  not  a  flag  detect  (i.e.  flag  byte)  has  been 
to  obtain  thcvalue  of  random  wait  number  R  (as  previ-  detected  along  cable  32.  In  the  event  that  no  flag  byte 
ously  discussed  with  reference  to  FIG.  8)  will  be  de-  has  been  detected,  the  present  invention  then  "ec»itcs 
scribed  in  detail.  As  wiU  be  appreciated,  the  present  10  the  sequence  of  operations  illustrated  m  FIG.  8(fl)  tor 
invention  dynamically  modifies  the  random  wait  num-  the  front  end  waiung  period.  Subsequent  to  the  Fixed 
ber  R  in  response  to  receat  cable  traffic  history.  The  front  end  wait  sequence,  the  present  invention  generates 
method  utilized  by  the  present  invention  presumes  that  >  random  number  "r"  within  a  predetermined  range, 
if  collisions  have  been  assumed  for  recently  sent  data  g^^  then  calculates  the  value  of  "R"  by  logically 
frames,  the  cable  32  is  currently  the  subject  of  heavy  13  -AND"ing  the  value  of  r  with  the  previously  detcr- 
loading  and  high  bus  contention.  A  random  waiting  ^ined  value  of  L  Oocal  mask  variable).  Once  the  value 
period  R  prior  to  retransmission  attempt  spreads  out  in  ©f  R  is  determined,  the  present  invention  then  follows 
time  bus  access  for  the  various  agents  contending  for  {^e  random  wait  cycle  illustrated  in  FIG.  8(6).  and  upon 
cable  use.  Accoidingly.  the  operations  illustrated  in  completion  of  the  random  waiting  period,  transmits  the 
FIGS.  13(fl)  and  (6)  are  executed  to  generate  and  adjust  20  j^yg  fj^jp^  ^  shown  in  FIG.  13(6). 
the  random  wait  number  R  utilized  in  accordance  with  |f  ^^  ^TS  frame  is  received  by  the  sending  agent 

the  sequence  of  operations  set  forth  in  FIGS.  8(fl)  and  within  the  IFG  period,  as  previously  discussed,  then  the 
(6).  In  the  present  invention,  eight  bit  shift  registers  are  ^^^  fj^^^g  -^  transmitted,  and  the  message  dialogue  has 
provided  in  order  to  keep  track  cf  collision  and  deferral  ^^^  completed.  If,  on  the  other  hand,  a  flag  is  detected 
histories  for  each  agent  ccjpled  to  cable  32.  For  pur-  25  ^^^  ^^  ^^  beginning  of  the  front  end  wait  sequence,  a 
poses  of  this  Specification,  the  variable  "C"  denotes  an  Referral  adjustment  is  provided  wherein  Do  (the  LSB  of 
eight  bit  shift  register  which  is  utilized  to  keep  track  of  agister  D)  is  set  to  1  and  U  is  set  to  1.  In  addition,  the 
the  collision  hii.tory  for  the  last  eight  data  messages  (j^fcrral  adjustment  includes  the  setting  of  N/j  equal  to 
which  an  agent  has  attempted  to  send,  and  a  variable  ^^^  j  ^^^  ^^^  ^l^^^j  ^jj^^l  j,j,)  j^  once  again  checked. 
"D"  which  denotes  an  eight  bit  shift  register  represent-  30  ^  ^q^^  in  FIG.  13,  this  deferral  adjustment  occurs  in 
ing  the  deferral  history  for  the  last  eight  messages  ^ases  where  it  is  determined  that  the  line  is  busy  prior  to 
which  have  been  attempted  to  be  «"'„  j!^  P^'.^^        transmission. 

discussed,  a  collision  is  presumed  if  the  RT5>-C  1^  frame  ^^  ^^^  ^^^^^  ^^  RTS/CTS  hajidshake  is  not  success- 

handshake  protocol  fails  to  occur  within  the  IFG  per-  ^^  ^^^  ^  collision  is  presumed  and  a  coll"\ion  adjust- 
iod,  and  a  deferral  is  deemed  to  occur  if  an  agent,  pnor  35  ^j^^  occurs.  Co  is  set  equal  to  1  and  the  value  of  L  is 
to  transmitting  a  message,  detects  a  flag  byte  or  syn-  shifted  left  (LSB  to  MSB)  one  bit.  In  addition,  Lo  is  set 
chroruzaiion  pulse  S6  thereby  indicatmg  that  the  cable  ^  ^   .  ^^     ^  ^^  ^0+ 1.  as  illustrated  in 

is  in  use.  A  variable  "G"  is  defmcd  as  a  four  bit  global        ^^ 

mask  which  represents  a  number  signifying  a  modifica-  ^^'^^  ^  ^.^^^  ^^^  ^^  utUization  of  the  steps 

tion  factor  represcntotive  of  all  previous  m«£ages  40  yj^^^^  j„  pjo  13  dynamically  adjust  the  randomly 
which  the  the  agent  has  attempted  to  transmit.  A  van-  ^ated  value  of  r  such  that  the  period  of  time  (in  100 

able  "L"  is  defined  as  a  local  mask  which  is  represenU-  * -^rosecond  increments)  which  an  agent  waits  in  addi- 
tive of  attempts  to  transmit  the  current  message  by  an  ^^  ^^  ^^^^^  ^^  ^^^^^^  ^^^  ^^^^  to  attempting 
agent  coupled  to  cable  32- 1"  additionj^cis  defined  M  xnnsrmss^oa  is  modified  in  accordance  with  recent 
the  number  of  collisions  which  have  been  assumed  for  a  45  ^^  ^  ^^  modification  of  the  random 
particular  data  packet,  and  Nd  is  defined  as  the  number  significantly  increases  the  probability  of 
of  deferra^^  which  have  occurred  pnor  to  the  transmis-  ^  ^^J^f^y  RTS/CTS  frame  exchange,  and  thereby 
sion  of  t^ic  current  data  packet.                                               .vaiH^i  mllisions  alona  cable  32. 

AS  illuMraled  bes.  in  FIGS.  I3(«)  «d  (b)  pnor  ,o  tfie        '""^^^^^^"^TL  methods  have  been  dis- 
t™snu..*.on  of  .  new  data  packet,  the  vanable  G  B  50  ^j^^,^^/;^  P?  „,„  „tiii,y  when  used  in  conjunc- 

i?r;utS:cTStsse.(i.e.e<,u.,to„in.heeigh.bit  ^^„ZL'::^l"':^^^^^^'^^^  ^^^^ 

.^s.cr"C"Ugreater.ha;,2^he„anbi^^  pedt^U^rc:^ «  S  S.  a^ 

shift  register  defining    G    are  shifted  lo  the  left  |k^  V            I„  addition,  the  present  invention's  novel  colh- 

Bgnificant  bit  (LSB)  toward  most  signincant  bit  (MSB)]  55  ^°''^■J"^^"°^^^{^„i^^  ,he  probability  of 

one  bit.  In  addition.  Go  (the  least  significant  bit  of  four  "°"  ^J^'^J^^"'^  hrcable.  and  if  a  collision  oc- 

bit  shift  register  G)  is  .et.o  1  and  the  eight  biU  compns-  ~U'p°;^^;^™  °",  ^'J^babilUy  of  success  for  subse- 

"IfAenu'm.l^'rof  bitsse.  in  the  eight  bit^gis.er"C"       <'»»;«;;?Xt^t  invention  has  been  described 

't:<^G°.St:^usted.  the  present  invention  then  65  -»*- T  *"  "n:;,m%T;»iStr«S' of\het 
.hifts  the  contente  of  registers  D  and  C  left  one  bit        without  <J=P'^'"8f~«' «^«  »P'"'  »"''  "^^  °^  "** 
(toward  MSB)  and  sets  the  least  significant  bit  (LSB)  of       vention  as  disclosed  above. 
C  and  D  equal  to  0.  Similarly,  variables  Nc  and  Nd  We  claim: 
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I.  A  communication  medium  for  transferring  data 
between  a  plurality  of  data  processing  devices 
("agents")  including  a  sending  agent  and  a  receiving 
agent,  comprising: 

sensing  means  coupled  to  said  sendmg  agent  for 
therein  if  said  medium  is  currenUy  carrying  date  of 
another  agent  and  Is  thereby  in  use; 

timing  means  coupled  to  said  sending  agent  for  timing 
a  first  predetermined  waiting  period  once  said  me- 
dium is  idle  and  available  for  use; 

first  random  number  generating  means  coupled  to 
said  sending  agent  for  generating  a  random  number 
within  »  predefined  range  corresponding  to  a  sec- 
ond waiting  period  prior  to  transmittng  date  on 
said  communication  medium  to  said  receiving 
agent; 

first  signal  generation  means  coupled  to  said  sendmg 
agent  for  generating  a  first  signai  and  transmitting 
said  signal  to  said  receiving  agent; 

signal  receiving  means  coupled  to  said  sending  agent 
for  receiving  a  signai  transmitted  from  said  receiv- 
ing agent  to  said  sending  agent  within  a  second 
predetermined  Ume  (I  FG)  after  said  sending  agent 
has  transmitted  said  first  signal; 

date  transmission  means  coupled  to  said  sending 
agent  for  transmitting  date  to  said  receiving  agent 
within  said  IFG  time  after  receiving  said  signal 
from  said  receiving  agent; 


10 


13 


20 


25 


predefined  bit  sequence  and  a  type  field  containing  an 
RTS  byte.  ,  .     . 

8.  The  communication  system  as  defined  by  claim  7» 
wherein  said  sensing  means  includes  means  for  sensing 
said  flag  byte,  the  sensing  of  said  flag  bytes  denoting 
that  said  medium  is  in  use. 

9.  The  communication  system  as  defined  by  claim  8, 
wherein  said  signal  received  from  said  receiving  agent 
by  said  receiving  means  comprises  a  CTS  frame  includ- 
ing at  least  one  synchronization  flag  byte  and  a  type 
field  containing  a  CTS  byte. 

10.  Tht  communication  system  as  defined  by  claim  9, 
wherein  said  date  transmitted  by  said  sending  agent  is  in 
the  form  of  a  date  frame  including  a  plurality  of  date 
bytes  preceded  by  at  least  one  synchronization  flag 
byte,  a  destination  address  and  a  source  address  byte. 

11.  Tlie  communication  system  as  defined  by  claim 

10,  wherein  said  date  frame  further  includes  a  frame 
check  sequence  (FCS)  and  an  abort  sequence  of  bits 
following  said  plurality  of  date  bytes. 

12.  The  communication  system  as  defined  by  claun 

11,  wherein  said  IFG  time  is  generally  200  microsec- 
onds. 

13.  The  communication  system  as  defined  by  claim 

12,  wherein  said  sensing  means  includes  a  Z8530  SCC 
serial  communication  controller  device. 

14.  The  communication  system  as  defined  by  claim 
11,  wherein  said  communication  medium  comprises  a 


random  number  generating  means  such  that: 


R*rAL 


wherebv  date  is  transferred  between  said  sending  and  ^  twisted  pair  caoie.                                  .  r  ^  w»  ^i,;« 

r^S  age^rUpl^  to  said  communication  ""  15.  The  communication  system  ^ ^^^^^^^^y^^^ 

rcccivinij  BKcii"        t'  ^  wherein  said  twisted  pair  cable  is  terminated  by  100 

medium.  ' 

1  TTif^  communication  system  as  defined  by  claim  1,  Ohm  resistors.                                      -  r     '  u    ^i«;« 

.gent  by  said  signal  receiving  means  within  sa.d  IFG  000)^^  eommunication  system  as  defined  by  claim 
'^a'-The  communication  system  as  defined  by  claim  2,  16,  wherein  said  third  predetermined  time  is  generally 
wherein  said  nu.dom  number  (R)  is  generated  by  said  40  ^^g^^l^^JJ^nication  system  as  defined  by  claim 

17,  wherein  said  signals  are  transmitted  on  said  commu- 
nicsticn  medium  using  FM-0  encoding. 
19.  A  method  for  transferring  date  on  a  date  coramu- 
45  nication  medium  between  a  plurality  of  date  processing 
devices  ("agents"),  including  a  sendmg  agent  and  a 
receiving  agent,  comprising  the  steps  of: 
sensing  said  medium  to  determine  if  said  medium  is 
currently  carrying  date  of  another  agent  *ind  is 
thereby  in  use; 
waiting  a  first  predetermiricd  time  after  sensing  that 

said  medium  is  idle  and  available  for  use; 
generating  a  random  number  within  a  predefined 
range  corresponding  to  an  additional  waiting  time 
prior  to  transmitting  date  on  said  communication 
medium  to  said  receiving  agent; 
transmitting  a  first  signal  to  said  receiving  agent  cou- 
pled to  said  communication  medium; 
receiving  a  signal  transmitted  from  said  receiving 
agent  to  said  sending  agent  within  a  second  prede- 
termined time  (IFG)  after  said  sending  agent  has 
transmitted  said  first  signal; 
transmitting  date  to  said  receiving  agent  within  said 
IFG  time  after  receiving  said  signal  from  said  re- 
ceiving agent; 
whereby  date  is  transferred  between  said  sendmg  and 
receiving  agents  coupled  to  said  communication 
medium. 


50 


where: 
r«a  random  number  within  said  predefined  range; 
A  denotes  a  logical  AND  operation; 
L=a  Local  variable  rcpresentetive  of  the  collision 

and  deferral  history  of  said  sending  agent  for  said 

date  to  be  sent. 

4.  The  communication  system  as  defined  by  claim  3, 
further  including  a  global  mask  variable  G  which  is 
representative  of  the  collision  and  deferral  history  of 
said  sending  agent  for  all  previous  date  transferred,  said 
variable  G  being  adjusted  prior  to  the  initiation  of  each  55 
new  date  transfer. 

5.  The  communication  system  as  defined  by  claim  2. 
wherein  said  sensing  means  includes  pulse  detection 
means  for  detecting  a  synchronization  pulse  on  said 
communication  medium,  said  synchronization  pulse  60 
prececding  other  signals  transmitted  by  agents  coupled 
to  said  communication  medium. 

6.  The  communication  system  as  defined  by  claim  5, 
wherein  said  synchronization  pulse  prececds  said  other 
signals  by  at  least  2  bit  limes. 

7.  The  communication  system  as  defined  by  claim  5, 
wherein  said  first  signal  comprises  an  RTS  frame  in- 
cluding at  least  one  sychronization  flag  byt*^  having  a 


65 


'APPLE_PAT_4_661_902_1 5"  303  KB  2000-02-21  dpi:  300h  x  300v  pix:  1 944h  x  2976v 


David  T  Craig    •    21  February  2004 


I  Page  0316  of  0515 


Apple  Computer  Selected  Patents 


13 


4.661,902 


14 


20.  The  method  as  defined  by  claim  19,  further  in-  (b)  Lo=l; 

:S  ID^^^^^S;^!!^^":^!^  .^rX^^^L  Of  de^rnUs  ^r  prior  attempts  to 

.,, .       . .  tcr^  ,;^.  transmit  said  data, 

agent  within  ^<^}^^J'^^.  .       .  .^  ^^     ...     ..  3       28.  The  method  for  transferring  data  as  defined  by 

21.  The  method  as  d^^""*^^^^^^^  e!^  20  wherein  said  sensing  step  includes  detecting  a 
step  of  gcneratmg  a  ""d°m  numbe^^^^^^  said  addi  j.^^^j^^i^^  ,3^  ^n  said  communication  medium, 
tional  waiting  time  mcludes  the  calculation.  t^d  synchronization   pulse  preceeding  other  signals- 

transmitted  by  agents  coupled  to  said  bus. 
10      29.  The  method  for  transferring  data  as  defined  by 
claim  28,  wherein  said  synchronization  pulse  proceeds 
'*'r«a  random   number  within   said   predetermined        said  other  signals  by  at  least  2  bit  times. 
r«a  ranaom   nuu  r  30  The  mrtfiod  for  iransfemng  data  as  defined  by 

A  d^noL  a  lodcal  AND  operation;  claim  2S.  wherein  said  first  signal  comprises  a  RTS 

L 'al^  vSrep^n^^  15  frame  including  at  least  one  synchronization  flag  byte 

defc^hS^S  of^d  sending  agent  for  said  daU  having  a  predefined  bit  sequence  and  a  type  field  con- 
#/»  K*  «^nt  taining  an  RTS  byte. 

^"T^eme.Hod.sden„ed^c..m2l.w  ^^J^l'^f^J^'ZtZ's.^^^'^:^^^ 

"".'".raT  m^  SlrrXSIfpresentative  of  «,  '^^si^g  of  said  flag  byte  Jienoting  that  said  medium 

i;rfX^o"St™S2.Sd  ^^  "^  32."^e  method  as  defined  by  Cairn  3,.  wherein  said 
G  Sng  adJSn^or  to  th"init,atio>;  of  each  new  signal  received  from  said  receiving  agent  compn^ J 
O  Demg  aajusica  pnui  ^^^  ^^^^^  including  at  least  one  synchromzation  flag 

23  T^e'^h'c^  as  defined  by  claim  22,  wherein  G  is  25  byte  and  a  type  field  containing  a  CTS  byte 
«,mnri«^  of  4  bits  and  variable.  C  and  D  are  defined  33.  The  method  as  defined  by  clam.  32  wherem  said 

compnsed  of  *  ^^ J™^^*™"''' reoresenutive  of  the       data  transmitted  by  said  sending  agent  is  m  the  form  of 

most  Significant  bn  (MSB),  ^ata   ^^  ^^^^J^  ^^^^^^^  ^^  ^^,^^  35,  therein  said 

fl  ^l   n  r  K»«-n  data  transfers  on  said  communication  medium  are  sepa- 

D  is  less  than  2.  then:  ***»  .„„„i;«„ 

-  X  ..  .  V  ,_  _,f  r:  -r-  ev:*w*j  ni-  hit  toward  the  least        using  FM-O  cncocimg. 
^.)  l„c  b.u  Of  G  -r.  s....ed  0.1.       towa.a  b  processing  device  coupled  to  a  commum- 

J'^n""'iv  cations  medium  having  a  number  of  other  devices  cou- 

yl    .  r^'  %«  45  pled  thereto,  the  devices  each  responding  to  an  address. 

£^.^e''m;,;if<^.sdefin«lbyclai.n25.whereininthe        ^^^^'^^^'^^^  ^J^Z^^^^ 
event  ., id  -"-on  stpia!  .s  gener»..ed:  T^ble  by  the  other  dev.ces  coupled  .0  the  medium  in 

S  Ss=f  P^^L^'are  s.f.ed  1  bic  toward  MSB.    ^  ^^gn^^— - -^-^^de^^^^^^^ 

/^.  xf  "xj   _L  I  first  tentative  address  on  the  medium  and.  if  no  other 

{a)riC=i^C-ri,  .  ,     , j^    «,,;„«;«<,  f^p.  i#.ntativ- address  as  Its 

where  Nc=  number  of  col.is.on.  for  pnor  attempts  to        --—'-;;—-—  ^oes"  respond  tran.mi.t.ng 

(a)  Do- 1: 
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ABSTRACT 


A  local  area  network  is  disclosed  including  apparatus 
and  methods  for  transferring  data  between  a  plurality  of 
dau  processing  resources  <"agcnts")  coupled  to  a  cable. 
In  the  preferred  embodiment,  a  plurality  of  agents  are 
coupled  to  a  common  cable  for  data  transmission  jr.d 
reception.  An  agent  newly  coupled  to  the  cable  dynami- 
cally assigns  itself  a  unique  address  on  the  cable  to 
which  other  agents  may  send  data.  Once  an  agent  has 
been  assigned  a  final  address,  it  may  then  transmit  to, 
and  receive  data  from,  other  agents  on  the  cable.  An 
agent  desiring  to  send  data  to  a  receiving  agent  follows 
a  three  step  handshake,  wherein  the  sending  agent  trans- 
mits an  "RTS"  signal  and  within  a  predetermined  time 
must  receive  a  "CTS"  signal  from  the  receiving  agent. 
The  sending  agent  then  transmits  a  data  frame  within  a 
predetermined  time  after  the  CTS  signal  is  received. 
The  failure  to  detect  a  return  CTS  signal  within  the 
predetermined  time  denotes  a  collision  condition.  Re- 
transmission is  attempted  using  a  linear  back  off  method 
which  is  adjusted  based  on  previous  cable  traffic  his- 
tory. 

19  Claims,  15  Drawing  Figures 


34         52         54 


/\ppleTall^  NftW 


k 


"APPLE_PAT_4_689_786_01"  145  KB  2000-02-22  dpi:  300h  x  300v  pix:  1922h  x  2736v 


David  T  Craig    •    21  February  2004 


I  Page  0318  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent     Aug.  25, 1987 


Sheet  1  of  8        4,689,786 


25 


2& 


ZA        52         34 


»w         —         #j  2^ 


27 


2S> 


30 


/rji40  £'MroO/m 


i 

1 

o 

n 

1 

0 

r 

0CbaP6£ 

\        ' 

\    ^ 

1 

434 
if/C/ioS£CS 

\               1 

\  I 

1  /  I 

J^^ 


3Q 


-St? 


^1 


45 


t: 


36 


I         ! 


yz  S/r77A^£^ 


£>sr 

41 


4Z 


A3 


SZ 


asoen 

6S 


J^. 


J^.^ 


m 

1 

1 

53 

-/5 

y^6 

6Z 

53 

i 

A^j/s, 

.r  56 

Z(/<p6'/ 

^/^j^  / 

%C^£"/ 

r" 

J^.3 


'APPLE_PAT_4_689_786_02"  11 8  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 867h  x  2779v 


David  T  Craig    •    21  February  2004 


I  Page  0319  of  0515 


Apple  Computer  Selected  Patents 

U.S.  Patent     Aug.  25, 1987         Sheet2of8        4,689,786 

<^ 

Jt?^,  s 

V 

. 

1 

' 

1 

^ 

yl^ce/c^J^'-^ 

,«/ 

7" 

T5 

"APPLE  PAT  4  689 

786  03"  71  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 757h  x  241  Ov 

David  T  Craig    •    21  February  2004                                                                |  Page  0320  of  0515  J 

Apple  Computer  Selected  Patents 


U.S.  Patent    Aug.  25, 1987        Sheets  of 8       4,689,786 


1 

1 

? 

1 

e 

f 

4 

'. 

1 

1 

■ 

K 


i 
^ 


"APPLE_PAT_4_689_786_04"  53  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 781  h  x  2742v 


David  T  Craig    •    21  February  2004 


I  Page  0321  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent     Aug.  25, 1987         Sheet4of8        4,689,786 


Aee/A/ 


-4 


^<foofjr=f& 


/>£r4rcr 


m/r  /oo  ■ 


J^.O^ 


CcwT/f/aco  .  //<s  (36 

"APPLE_PAT_4_689_786_05"  96  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 842h  x  271 7v 


David  T  Craig    •    21  February  2004 


I  Page  0322  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    Aug.  25, 1987         Sheets  of 8       4,689,786 


(^A/T  /OO 


1 


yy77<^^ 


^S£^D/er6 


SA/D 


"APPLE_PAT_4_689_786_06"  78  KB  2000-02-22  dpi:  300h  x  300v  pix:  1757h  x  2403v 


David  T  Craig    •    21  February  2004 


I  Page  0323  of  0515 


Apple  Computer  Selected  Patents 


U.  S.  Patent     Au&  25, 1987         Sheet  6  of  8        4,689,786 


Alwsc^  ^<^^^ 


M>SMi(/ 


C4x?as£Q 


SLor(^i^se:) 


A6€^4C  W/fMJ9 


-ner^^^SD 


1 J 


je^ 


C7:s 


Z)Am 


J29  9 


«s<nr 

TxD 

jexD 

////e 

4                                  -^ 

*-  7S'C?SZS   ^Z 


^/iS 


C7iS 


£i£^jerM:£  t(/^/7^'^wsA//^^ 


J^M 


£7^ 


/P^ 


^7^ 


CAS 


^771        i 


\ I 


£^/T£^D 


'APPLE_PAT_4_689_786_07"  11 2  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 806h  x  2650v 


David  T  Craig    •    21  February  2004 


I  Page  0324  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    au&25,1987       sheet?  of 8      4,689,786 


ZewA&tf/r  a'i£ear?a^ 


sm^r 

' 

•" 

^€ut/sr& 

' 

i 

Co^0 

77c  ^  0 

Z^G 

je^^Al 


jfkjuocuf  ^/r 


jC/a/s 


y^^.^SA 


Scf^y 


CaA/r/A/c/£'  73  ^e  /3^ 

"APPLE_PAT_4_689_786_08"  88  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 799h  x  2768v 


David  T  Craig    •    21  February  2004 


I  Page  0325  of  0515 


Apple  Computer  Selected  Patents 


U.S.  Patent    Aug. 25, 1987        Sheets  of8       4,689,786 


S£^D  ^7^5 


^o 


Co/.jL/6/OA/ 
^/>y6fS7M£A/7' 

SM^rl  l£Fr 
av£S/r 


J^.J36 


jEje/eo/? 


"APPLE_PAT_4_689_786_09"  63  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 769h  x  2250v 


David  T  Craig    •    21  February  2004 


I  Page  0326  of  0515 


Apple  Computer  Selected  Patents 


4.689,786  ^ 

*  For  example,  despite  efforts  to  lower  costs  using  VLSI 

LOCAL  AREA  NKnVORKWmi  SELF  ASSIGNED  ^^^^°<^^^^  ^'^,;^:^ZT^^''S:!:- 

ADDRESS  METHOD  'XlSErg.?.  trX^  computer  .ar.et 

•n,e  present  .pp.ica.ion  has  been  filed  concurremly  5    ^ocX  ^  .ct^or'^J^^^^^^^-^l'^^;;^ 

•bov^rcfcrcnccd  .pphcnon.  10  J^  area  networks  utilize  relatively  complex  pfotocols 

BACKGROUND  OF  THE  INVENTION  ^^  p^^.^  ^^  ^^qu^  devices  coupled  to  the  LAN  to 

1  Field  of  the  Invention  communicate  under  various  conditions. 

■fhe  present  invention  rcUtes  to  apparatus  and  meth-  As  will  be  decribed.  the  present  inventK>npiwjd«a 

ods  for  transferring  data  between  a  source  and  a  plural-        jocal  area  network  for  communication  and  resource 

ity  of  receiving  daU  processing  de%'iccs.  More  particu-  15  sharing  among  various  computers,  servers,  disks,  pnni- 

liily  the  present  invention  relates  to  data  transfer  along        eis.  modems  and  other  data  proccssmg  devices,   inc 

a  1«^  area  network  between  a  plurality  of  data  pro-        present  invention  suppoits  a  wide  vanety  of  loc^  area 

cessing  and  peripheral  devices.  network  services,  and  permits  commumcauon  to  hag^ 

2.  Art  Background  networks  through  the  use  of  bndgmg  device-   iftc 

In  the  computing  industry,  it  is  quiie  common  to  20  present  invention  provides  an  economical,  reliable,  and 

transfer  daU  and  commands  between  a  rlaralily  of  data        mechanically  simple  local  area  network  heretofore  un- 

processing  devices,  such  as  for  example,  computers,        known  in  the  prior  art. 

printers,  memories  and  the  like.  The  interconnection  of  citmmarY  OF  THE  INVENTION 

^mputere  and  other  peripheral  devices  prmcipally  SUMMARY  OF  THfc  IN  vtiNiiwiN 

developed  in  tho  early  1970's  with  the  advent  of  com-  25  ^  j^^  ^^^  network  is  disclosed  includmg  apparatus 
putcr  networking  systems,  which  permitted  the  distri-  ^^  methods  for  transferring  data  between  a  plurality  of 
bution  of  access  to  computing  resources  beyond  the  {i^ia  processing  resources  ("agents")  coupled  to  a  cable, 
immediate  proximity  of  a  main  frame  computer.  j^^  ^j^^  preferred  embodiment,  a  plurality  of  agents  are 

Networks,  such  as  the  ARPA  Network,  were  devel-  coupled  to  a  common  cable  for  dau  transmission  and 
oped  to  provide  access  by  various  users  to  iarge  time-  30  ^^^^^^^^  ^n  agent  newly  coupled  to  the  cable  dynami- 
Bharing  systems  and  the  transfer  of  data  between  such  ^^^  assigns  itself  a  unique  address  on  the  cable  to 
s>'stc=:£.  In  the  case  of  geographically  local  networks,  y^^^h  other  agents  may  send  data.  The  agent  generates 
so  called  "local  area  networks"  (LANs)  were  devel-        ^  random  number  within  a  predetermined  range,  or 

-.--^  •«  cosT^*  fftffMhpr  a  collection  of  computers,         ,_.....„ -.4-.,oK-ef«r*-H  initi«l  number  r*hint"),  for 

terminals  and  peripherals  located,  typically  in  the  same  "  j^  ^  ,  tentative  address.  The  agent  transmits  an  en- 
buildins  or  adjacent  buUdings,  and  permitted  each  of  ^^^  ^.^^^  (ENQ)  over  the  cable  "  e  tentative  ad- 
these  devices  to  communicate  among  themselves  or  ^^  ^^  determine  if  the  tentative  ac  £ss  is  currently 
with  devices  attached  to  other  networks.  Ux^  area  ^^  ^^^^  ^^^  another  agent  If  an  acknowledge  (ACK) 
networks  permit  the  implemenUtion  of  distributed  com-  ^  ^  received  by  the  sending  agent  in  response  to  the 
puting.  In  other  words,  some  of  the  devices  coupled  to  AO  ^e  ^.^^  mother  random  number  is  generated  as  a 
the  local  area  network  may  be  dedicated  to  perform  ^^^^^  address  and  additional  ENQ  signals  are  sent 
specific  func  ons,  such  as  fUe  storage,  daU  base  tsm>-  ^  ^^  ^^^^  ^^  ^j,j,  ^j^^  j^  received,  the  sending 
agement.  ter  ainal  handling,  and  so  on.  By  havmg  dif-  ^   tenutive  address  as  a  final  address  in 

ferent  mach.nes  perform  difT-rcnt  tasks,  distnbuted        »|™^^ 

ccnnputing  can  make  the  impletn^tation  of  the  system  4S  ^^  J  ^^^^  ^^  assigned  itself  a  final  address,  it 
ampler  and  more  efficient  ^^  transmit  to.  and  receive  dau  from,  other 

Local  area  networks  differ  fijom  A^^T^fu  ^.?.'^  ag«mts  on  the  cable.  An  agent  desiring  to  send  data  to  a 
ins  in  a  number  of  respects.  A  key  d-fff^""^*"  *=  Jl^ving  agent  senses  the  cable  to  determine  if  the 
designers  of  long-haul  networks,  such  as  the  ARPA  „  tue  or  in  use.  If  the  cable  is  in  use,  the  agent 

network,  are  often  forced  by  economic  or  legal  rea^ns  50  ^  .^^  condition  is  sensed.  Once  the  cable 

to  use  the  public  telephone  network  regardles  of  ite  ^  .^^^  ^^  ^^^^  ^^^^  ^^^  ,  p,^^^. 

technical  suitability.  In  contrast,  most  ioal  area  net-  j.      transmitting  an 

works  utilize  their  own  Wgl-bandwidth  cabk  to  penmK  ^^-'^K  r^eiving  agent.  TTie  sending  agent 
datagram  service  between  the  vanous  <!«"=«  ~»PJ^  U^  momCs  the  cable  for  a  "CTS"  signal,  which  must 
to  the  LAN.  The  most  common  transmission  media  for  55  "l*^  ^  ^    ^^  receiving  agent  to  the  sendmg 

carrier  sense  local  area  networks  are  co-^  cable^  i^^^T^S  predetermined  Lt  (IFG)  after  the  re- 
twisted  pair  and  fiber  optics.  A  variety  "f  "*le  topo!^  ^.m  oTS^R-rel^^s.  If  a  CTS  signil  is  properly 
gies  are  possible,  such  as  Imear.  spme.  tree^  nng  and  ^'^^'^^''^^ndinflgent  may  then  transmit  a  data 
segmented.  In  «Jdition.  local  ar^  networks  do  no,  '^^f^^^'^J  f  „,  Ji,Sn  an  IFG  time  after 
suffer  from  the  long  propagation  deUys  «l|«=har«=  »"  «  ^.^^l^'^s  si^.  the  f^^  to  dci^l »  t^^ 
herent  with  other  large  networks.  Aus  ^lowmg  Ae  ^P^  "^^^^  J^G  time  period  denotes  a  colli- 
channel  ^^f"^ ^'>^^^J^'=^'''  '^"^  *'  S^SL^H^a  collision  is  ^um^.  the  present 
capabUil  es  of  large  scale  netwOTks.  invenUon  attempts  to  le-transrait  an  RTS  signal  usmg  a 

di^W  P^"1  rr^uSc^on'  tS:^e^  65  S:;rf?method''which  dynamic^yj^justs  the  peri«, 
distributee   processmg  ™°  ??™"  .  before  a  re-transmission  attempt  based  on  recent  cable 

fe^tr^X'uTa^i^^^  oS  ^^  n^-  traffic  history.  Accordingly,  the  present  invention  pto- 
TiS  sll^f  L1™R^(U-S.  Pat  No.  4,063.220).        vides  a  method  of  minimmng  collisions  «.d  permits 
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•    I  ^  r!  *^^.f.«  h^tween  ft  i>lun]-  for  datt  tnuisfer  to  one  another  by  a  common  cable  32. 

reliable  and  economical  dau  ^^  ^^    I»"«^  ^  ^^^^  ,^^  ^    ^^  ^  ^Me  32  by  connec 

hy  of  agents  coupled  to  the  common  caWe.  ^^^  ^^^^^  ^  ^^^^  .^  ^^^  prc«mt»y  preferred  em- 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  bodimcnt.  contain  a  passive  coupling  transformer,  rcsis- 

1      I  .—  n^u/nrk  mdanted  lo   5  tivc  and  capacitive  circuit*,  and  are  known  in  the  aft  foT 

FIG   iaius«u:s.to«Uj^n«u^k«l.P'«>«'  ^»     ^„f  ^^e  <UU  procmmg  ««1  other  <tev|«. 

utilize  the  teachings  of  rte,  P"S<"«  ""'^rr,  „_^,  („  ^,e  32   cable  32  is  appropriauly  terminated  lo 

FIG.  2  is  a  timing  ''"^^^T^.'S^  ^i^l  "g.S^ections.'^ln  U,e  prrferred  embodi- 

invcntioD's  use  of  frequency  moduUted  (FM-G)  encoo-  ^^^y^^j^  terminated  with  100  Ohm  reriiton. 

-PIG.  3  illustrates  the  ^^^^ ^^da^^,^  "  ^^^^^.^^^.^^^^TLT^- '^t'zTZ 

present  mvenuon  to  ."^f^^f^^^^^"""  ^rise  Jy  shared  media,  such  as  coaxUI  cable,  fiber 

cessing  devices  coupled  'oj^^^'^^^^f  a  opti«.  radio  channel  and  the  like.  Since,  in  the  present 

FIG.  4  "!'««'=!«»'«  P^'"^^;^SS  of  I  '  ffiiment,  the  agents  are  passively  coupled  to  cable 

synchromiaoon  pulse  prwr  to  the  transmission  01  a  ^^  |^^^^,j^;;,f^,|^,„,  connection  module  will  not 

frame. rrtjfn  trnnr  utilized  bv  disrupt  communication  over  cable  32. 

HG.  5  Ulustrates  an  oiquiry  (ENQ)  '""=  "»^  "»  M  will  be  described,  the  present  invention  provides  a 

the  present  invenuon  during  dynamK:  address  assign-  ^^  "^^"^^^^  j^Zg  synchronous  serial  com- 

'^^   ^  ■       ««„,  -h.rt  iII..«r.iinB  the  sequence  of  munication  and  data  transfer  between  data  processmg 

to  the  present  invention  dunng  dynamu:  «idress  assign-  '^^^^^^"^^^Z  me*^  and  apparatus.  The 

""^•"^  -,.,  ..;^.n„ill..«r.t«  the  present  inven-  present  invention's  architecture  and  protocols  mmnnize 

FlG.7d.ag™m™ucallyinustta^thepr«^t^^  handshake  and  collision  detection  complexities  com- 

mesionofan    RTS    frame  by  a  senmng  ocvicc  j^vice  coupled  to  cable  32. )  J  the  current  embodiment. 

•^g'  Tof  a'^Jc'k  diagr^n  illustrating  the  present        the  present  invention  operates  «  appro«n^teb-  m 
invTtion"  use  of  a  serial^Uoller  device  coupled  to  ^^  ^^-^^J^,^^J^:^;^l^i::r^^. 

'^Vlrn  m.::r  the  pr^en.  invention-s  coll.ion        '^^^f^f.^'^jtl^.T^lSrand  transmitted 
avoidance  method  includmg  deference.  „„™wT^!  „sine  a  KlWockmg  technique  known  as 

gencrauon  of  tne  random  wait  period  R.  by  adding  an  additional  zero^^ossing  transition  at  mid- 

DETAILED  DESCRIPTION  OF  THE  ^eu^  such  that  two  zero  crossings  are  detected  for  each 

INVENTION  45  4.34  microsecond  cell.  Similarly,  a  logical  one  is  pro- 

the  present  invention's  local  area  network  are  collec-  ™°™f"™; f  '^  islransmitttd  through  Ae  use  of 
lively  referred  to  as  "agents".  As  shown,  processmg  type  of  fmne  r^'';^*'^'!^dd^  ^y  designate 
devices  25.  26.  27,  28  and  printer  30  are  interconnected        vanous  codes.  For  example,  type  tieia  «  may  c««s™' 
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^                               nsKifW  Each  aecnt  coupled  to  cable  32  is  identified  by  ■ 

„  «:knowlcdge   (ACK)  frame,   an  ci^q^iO^  (ENQ^  ™^VS^^dress  along  the  cable.  One  feature  ^ 

fhune.  as  well  as  an  RTS  and  CTS  frame.  whK=h  will  be  "^^^^^^^^^^^^^         an  agent  coupled  to  cable 

described  more  fully  below.  The  type  field  is  foUowed  ^^P^^^^"™  ,  predefined  permanent  addi^ 

by  a  multi-byte  data  field  (possibly  ^f^^^^f^  ,   ^l^or^xTple,  de^Sce  27  may  be  removed  from 

which  may  contain  raw  data,  messages,  and  the  Uc  to  ^^33  ^^  ^j,^  decoupled  to  another  cable  at  a  difTcr- 

bc  transmittwJ  between  the  agents  coupled  to  c^lc  32.  ^                              ^^  ^  configure  an  address. 

Following  the  dau  Peld  48  is  a  IS-bn  fnmie  checkjj^  ^^           .^            ^^p,^  ^  ^ble  32.  a  umque 

qucnce  which  is  computed  as  a  function  of  the  contents  ^^^^^  ^  followed  such  that  an  address  is  dynamically 

of  the  souroi  address.  desUnation  address,  type  and  data  ^^^^^  ^^  assigned  by  the  agent  itself.  In  the  pres- 

ficlds.  In  the  present  embodiment,  the  frame  check  1^      preferred  embodiment,  the  address  of  each  agent 

sequence  (FCS)  is  defined  using  the  standard  CRC-  j,  j^iJ^Vjed  using  an  eight  bit  identifier  (where  no  agent 

CCITT  polynomial.  The  frame  check  ^»^^  »  »  have  a  zero  address  or  an  address  of  255). 

followed  by  an  eight-bit  synchronisation  (  fiag  )  trailer  Referring  briefly  to  FIG.  6.  the  sequence  of  opera- 

52  (consisting  of  the  logical  bits  01 1 1 11 10),  and  an  abort  ^^  ^^^  ^^^^  ^  ^^^^  ^^jjj^  ^  order  to  dctcrmme  and 

sequence  53  which  consists  of  eleven  or  more  ones  m  a  ^^      .^^j.  ^  ^^ress  is  illustrated.  It  is  apptrcnt  tl^t 

row.  Abort  sequence  53  is  used  to  delineate  the  rad  of  ^  prevent  disrupted  service,  no  agent  may  acquire  the 

the  frame  36  to  agents  coupled  to  cable  32.  Frame  36,  as  ^^^^  address  as  an  already  funciicmng  agent  In  prac- 

wiU  be  described,  is  transmitted  along  Ime  32  m  a  sen^  ^^  ^j^^  ^^^ess.  of  agents  may  be  allocated  between 

synchronous  fashion  using  a  handshake  sequence  of  ^    ^^^  ^^^  processing  devices  and  "servers    which 

control  frames  which  are  in  turn  followed  by  the  data  ^^  comprise  main  frame  or  other  machines.  In  the 

frame  36  Ulustrated  in  HG.  3.  present  cmboairaent.  addresses  1  through  127  are  all^ 

As  shown  in  FIG.  4,  prior  to  the  transmissiOT  of  a  ^^^  ^^^  ^^^^  purpose  agents,  and  address^  128 

frame  a  transmitting  agent  coupled  to  cable  32  trans-  through  254  are  allocated  for  use  by  servers.  As  shown 

mits  a  sync*»ronization  pulse  56  which,  is  followed  by  an  ^^  ^  pjQ  ^  ^^^^  bci^g  coupled  to  cable  32^h  a^ent 

idle  period  greater  than  two  bit  times  and  less  than  10  ^^^  generates  an  arbitrary  random  number  witnm  a 

bit  times.  Pulse  56  may  comprise  any  siend  containmg  predefined  range  or  obtains  a  starting  number  frmn 

a  icro  crossing.  In  the  present  embodiment,  as  Ulus-  ^^^  long  term,  non-volatile  memory  (for  cMmplc, 

trated  in  HG.  10.  «ach  agent  coupled  to  cable  32  utilizes  read-only-memory  or  magnetic  medium)  referrea  to  as 

a  Zilo?  Z8530  SCC  serial  communication  controller  ^  ^  "hint".  This  random  number  (or  "hmt")  is  treated  as  a 

chiD  79  accessing  cable  32  through  a  lir-e  driver  SO  and  "tentative"  address,  and  the  agent  then  transmits  «i 

a  iLrnceiver  82.   (See.  Zilog  Technical   Manual.  ^^^^  (ENQ)  frame  which  utlizes  the  ^nUtive  ad- 

7Jin'tO/Z8530  SCC  Serial  Communications  Coniroller.  jjress  as  a  destination  address.  The  enquiry  iramc  trims- 

^i^v    1983)  The  Z8530  SCC  device  79  includes  „,itted  is  of  the  form  Ulustrated  in  FIG.  5.  and  mcud« 

januaiy.  i^oj-;   *i<«-  *-<                         ,       /«__%  w;*,  -  -  ■  1       *      •■''  ^fir--t.Q»j^-J  >—  »•  **aE'  two  bit  tiroes 

circuitry  which  searches  ror  syncnronizaUon  (fi-g)  tuS  35  ^^  .niiiai  puise  :«»  sep»ra.eu  ^'^.-^/T;" '"rL"  ^  ^ 

when  in  a  "hunt"  mode.  As  previously  discussed,  the  prior  to  the  synchroiazation  (flag)  bytes  33  Md  40. 

orescnl  invention  uUlizcs  a  synchronization  (flag)  byte  previously  described  with  reference  to  FIG-  3.  The 

S  r^Ustates  Oinillo.  in  addition,  the  serial  Ltination  address  41  of  FIG.  5.  as  well  as  the  ^ur^ 

S^lni^tion  controller  chip  has  the  capabUity  of  address  42.  contains  ^^'^X^nf^'^tXttc 

detecting  a  missing  clock  cycle,  and  setting  a  missmg  ^  n»:doinly  or  through  the  hmU  It  >^' »*^  °°^^  ™!^™ 

T^f^«  S  provid«l  by  a  ,r««mittmg  agent  cou-  45  has  previously  b«n  assigned  Ac  t^"^';^^  ^ 
nl«i  to  c^lc  32  wUl  be  taken  as  a  clock  by  all  receiving  agent  already  using  the  tentative  address  r««v<s  the 
««^  S^w,;er  rin^  ttTfollowed  by  an  idle  period  ENQ  frame,  and  in  response  tnm^ts  an  "^knowledge 
S;  ti^^'totoes.  a  missing  clock  is  detected  frame  (ACK)  back  to  the  iransmittrng  agent  In  prac- 
Ke  S^dSkt"  set  in  thf  SCC  device  79  of  tice,  *«  AO^rame  U  struct^^^mlarly  o^^ 
each  agent  c<^ected  to  cable  31  thereby  notifymg  50  frame  disclosed  m  "?• '•  "e^„™^ '^^^ J^ 
^ts  that  cable  32  is  in  use.  In  the  preferred  embodi-        contains  a  binary  code  .dentifymg  the  packet  as  an 

Zl  ^4^^1  -^"X^ble  32,  thus  ensuring  at  55  must  then  gene«te  another  random  number  as  a  t^ta- 

rently  in  use  pnor  to  the  transmission  of  a  f™™;f  *«"        T^tame  h«  b«n  received,  the  transmitting  agent 
„providmgthen«=«^sync^^^^  ACK^-«  ^^^Tutiv^ddreU  as  its  finiU^d^^ 

the  receivmg  agent  toclock  itself  ^  ™  T^^f       j        ^  future  communication  along  cable  32.  The  repeated 

function. 
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Once  an  aeent  has  been  «ssig.vKJ  .  final  address,  H  same  as  the  ENQ  frame  Ulustrated  in  FIG.  5.  however, 

JfdL  c^mmu^Mtt^Ui  <^  agents  coupled  to  the  type  field  contains  a  binary  code  identifying  the 

^e^^uS  itlS:e^%t^!  and  collision  frame  as.nRTS  rather  th«,  an  ENQ  frame.  The  r«:e.v. 

^id^ce  m^hLism  described  belo*.  Referring  to  ing  agent,  upon  rrcemng  ^ZE^/^'^^'T  ^'^^ 

FIO'T^S.  gffll   «i)  and  9.  communication  between  5   mittmg  agent,  transmit  a  "CTS    frame  back  lo  the  or- 

..Vi«  .innied'  tocaWe  32  occurs  through  a  three-way  ginal  transmitting  agent  within  the  maximum  interframe 

Ki^e  p^  -Se  pi^of  tbe^Ldshake  0-  gap  QFO)  period.  As  in  the  c^  of  the  RTS  frame,  a 

^^^ .„  ,^^^1  theaoce^  the  shared  cable  32  in  CTS  frame  transmitted  by  a  receiving  agent  is  stroc- 

r^S.^W  fS  ^t^S^^^Sity  of  a  tured  substantially  the  «une  as  the  ENQ  p«.ke.  Ulu.- 

"ll«^  Ea^^^U^  including  uThandshake  10  trated  in  FIG.  5,  except  that  thetype  field  contams  a 

CTas  a  "Sue")  must  be  sepiated  by  a  mini-  code  identifying  the  frame  as  CTS.  Once  the  onginrf 

m^^^-dialoguc  gap  (IDG),  which  in  the  present  transmitting  agent,  for  example  data  procesang  urn  25, 

^^S^mprisls  460  microseconds.  In  «ldition,  receives  the  CTS  frame,  a  full  dau  fr«ne  36,  as  Jlus- 

S^lST^wSiT.  single  transmission  (dialogue)  must  trated  in  FIG.  3.  is  transmitted  to  thereceiv.ngag«r.t 

foflo™^o4er  wiLi  a  maximum  interfr«ne  gap  15  within  one  IFG  of  the  receipt  ofjhe  CTS  fnune.  In  the 

OFSTof"  ^cLrrent  embodiment,  200  micn»econds.  event  that  the  transmi^on  of  a  CTS  or  data  frame  does 

A  .»E  U  s«d  to  occur  when  two  or  more  .agents  not  occur  withm  an  IFG,  then  the  Uansmittmg  agent 

^r.?.SeHe  time  on  cable  32.  "sames  that  a  collision  has  occurred  or  the  dtstmafon 

Referring  to  FIGS.  7  and  8(fl)  and  8(fc),  the  sending  agent  is  inactive  or  otherwise  unavailable, 

agoiffo"  example  daU  processmg  agent  25,  which  20      If  a  general  broadcast  to  all  agents  a,„pl«l  to  cable 

S  to  communicate  with  »iother  agent  coupled  to  ^2 'j  d^j'*^.- '»''= '''^^''"^i^  .!^"1.1f  ^™I  J^T 

cable  32  executes  the  operations  set  forth  in  the  How  with  a  desunation  address  ot  2SS  to  all  agents  on  the 

chart  of  FIGS.  8(0)  and  8(A).  A  sending  agent  prior  to  toe.  and  waits  for  an  IFG  penod  to  ela,»e  prior  to 

W^sidon  determines  whether  or  not  the  "hunt"  bit  sending  a  data  frame  36  also  having  a  destinauon  ad- 

n^  8530  sec  serial  controller,  or  other  appropri-  25  dr«s  of  255.  Accordingly,  m  the  case  of  general  bro«J- 

"te  hardware,  has  detected  a  synchronisation  (Hag)  byte  casu  along  cable  32.  the  transmittmg  >g=nt  do«  not 

passing  along  cable  32.  If  a  synchronization  (flag)  byte  wait  for  return  CTS  frames,  but  rather,  immediately 

haTbon  detected,  and  no  abort  byte  has  followed,  then  proceeds  to  conduct  a  genem,  oroaacasi  once  u«  .r  v^ 

cable  32  is  currently  m  use  and  the  agent  wishing  to  period  has  elapsed  after  trr^tting  an  RTS  frame  In 

ttammit  "defers"  its  transmission.  In  the  event  that  no  30  addition,  by  provjdmg  withm  the  RTS  f"^^  a  d«toa- 

synchronization  pulse  56  or  synchronization  (flag)  bytes  tion  addr«s  field  41  having  a  particular  value  (255) 

f38  and  40)  are  detected,  the  agent  desiring  to  transmit  corresponding  to  a  broadcast  address,  only  one  RTS 

2L  ex^ut^a  fr^t  tSd  waitVration, L  best  Ulus-  fran-e  need  be  transmitted  to  aU  agents  at  the  various 

trated  in  FIG.  8(a).  The  front  end  wait  operation  con-  addresses  along  cable  32.                                „  ,u.,  ,h, 

sists  of  a  series  of  four  waiting  periods,  in  the  present  35       It  will  W.  appreciated  by  one  skilled  "•  ^h""  U^  "^ 

embodiment  of  100  microseconds  each,  foUowing  each  purpose  of  the  three  step  handshake  prototol  d^bed 

of  which  the  nag  detect  ("hunt  bit")  is  checked  to  see  if  above  is  to  avoid  collisions  by JfstncUng  the  penc^s  m 

"s^chronizati^  (Hag)  byte  has  been  received  on  the  which  collisions  are  highly  hkely  ('JP-f^  ^  ^™8  *= 

cab^  32.  The  detection  of  a  flag  byte  denotes  that  some  RTS  and  CTS  frame  exchanges),  and  to  spr«.d  out  " 

Sher  agent  is  using  the  cable  32.  In  such  event,  the  40  time  the  cable  access  of  transmitters  waitmg  for  Ae 

^Sng'aTen,  must 'wait  for  the  fUg  detect  (hunt  bit)  to  cable  32  to  b«»me  idle  P™'JlJ^«S^8of  ' 

clear.  Uiui  signaUing  the  end  of  utilization  of  cable  32.  transmusion   A  successful  RTS-CTS  frame  exchange 

At  this  poinCSe  entire  front  end  wait  sequence  illus-  signifies  that  a  collwion  did  not  o«ur.  "d  ttatjO^ 

frated  in  FIGS.  8(a)  and  8(6)  is  repeated.  agents  desinng  to  transmit  have  sensed  tl,e  conun?.'»»^ 

If  on  the  other  hand,  a  flsg  byteu  not  detected,  this  45  frame  transmission,  and  are  waitmg  until  the  dau  ex- 

JL^  t^t  d^Uie  frSit  »d  wait  sequence  no  change  is  complete  prior  to  attemptmg  to  gam  control 

other  agent  has  empted  to  use  the  cable,  and  a  random        of  the  cable.  „;„i^ 

wTo4t»tion  is  th™  executed.  In  addition,  during  the  In  the  <:vent  tlmt«.other  agent  ««f»t»«?^?^^^ 

front  ^  wait  opemtion.  the  synchronization  pulse  during  the  ^^^^^^'fl^^'f^^.  '^"^ 

detect  is  cleared  after  the  first  100  microsecond  wait.  50  it  will  be  appreciated  that  the  CTS  frame  wd   n^  be 

Before  proceeding  to  execute  the  random  wait  opera-  properly  received  (e.g.  the  frame  cheJc  »^»^  » 

tion.  illus^ated  in  FIG.  8(6).  a  random  wait  number  R  is  invalid),  and  that  the  «°^8  ag»  J^V  *="  ass"^* 

generated  (the  details  regarding  the  generation  of  R  wiU  that  a  collision  has  occiured.  A  collmon  will  P^vent  ^ 

bTdlLuss^l  below).  As  show,:  the  random  wait  ope.a-  complete  RTS  and  CTS  frame  "'^•'^"gf  •  ""^  »^f  ^ 

tion  cycles  R  times  through  a  basic  operation  of  waiting  55  prevent  a  proper  handshake  from  ~^^8j  N"™!^^ 

lOOmicrosecondsbeforecheckingtoseeiffUghasbeen  if  an  agent  desinng  to  transmit  '^'^°^^}l^}^^ 

detected  (hunt  bit  cleared).  If.  at  any  point  a  fiag  is  that  the  cable  -^  cu^entiy  m  '"=;," .f'^*^  ^^J 

detected,  then  another  agent  is  using  the  cable  32  and  sion  of  its  own  RTS  until  the  cable  is  idle  (see  FIGS.  11 

the  sending  agent  must  defer  its  transmission.  If,  how-  and  12).                                -  ,,,  >      j  ,■,  f^-,  ,•„  ,- 

ever  at  the  end  of  the  random  wait  sequence  the  cable  60      Referring  now  to  FIGS.  9  13(a)  and  13  (6).  the  se- 

is  still  quiet  (not  in  use)  then  one  last  check  is  made  to  quence  of  operations  executed  by  the  present  "ventto? 

«e  if  a  synchronization  pulse  has  been  detected,  before  to  obtain  the  value  of  random  wait ""«;»«',  «j?»P«"- 

«mding  Z  RTS  frame,  is  will  be  described.  oudy  discussed  wid,  reference  to  RGJ)  T^'^ 

If  the  cable  32  remains  idle  throughout  this  randomly  scribed  m  detail.  ^  wiU  be  "PP'^"*^' ™  P^' 

generated  waiting  period  R.  the  transmitting  agent  pro  65  invention  dynam^ally  "«*'««*  •h«=™f°".'^»"  »™: 

Seeds  to  transmif  rsynchronization  pulse  56  followed  ber  R  m  response  to  recent  cable  traffic  h«tt>ry^  ^e 

by  an  "RTS"  frame  along  cable  32  to  the  receiving  method  utilized  by  the  present  mvention  presum«  Uut 

agent.  An  RTS  frame  is  structured  substantially  the  if  coUisions  have  been  assumed  for  recently  sent  data 
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'                   .  .         »  u  "Awn-  inir  the  value  of  r  with  the  previously  deter- 

fmnes.  the  able  32  is  currently  the  subject  of  h«vy  AN^    '"8                            vimable).  Once  the  value 

lo«ii„g  «.d  high  bus  contention.  A  ™«lo>"  ^"""S  jR"*Jd,t^i„edV^  present  invention  then  follows 

period  R  prior  to  .  retr.nsmiss.on  attempt  SP  «^f  °"« '"  1  n^dcmf^ait  cycle  illustrated  in  HG.  8(6).  «.d  upon 

S«b»s«=cess  for  the  v«ious  agents  con^dUngfo^  ^'X'S^  rtie^dom  waiting  period.  tnu««.ts  the 

cable  use.  Accordingly,  the  operations  Jl"s"?ted  "   '  ?^  f^M  as  shown  in  HG.  13(6). 

FIGS.  13«,)  and  (6)  are  executed  to  generate  «.d  adjust  R"  ^^  J^i,  ,^ved  by  the  «n.di„g  ag»t 

.he  randon.  w«t  number  Ru.auedm.^v4.ncew«h  J^^^o'^^,.  as  previously  di«n«sed  then  Jhe 

the  sequence  of  operations  set  fortt.  m  FIGS.  8(")  "id  ^™?r^  ^  uJ^mitted.  and  the  message  dialogue  hM 

(6).  In  the  present  invention,  right  b,t  shift  rep^^  "^  ^  S"tS^n  the  other  hand,  a  flag  is  detected 

provided  in  order  to  keep  track  of  colliflon  and  defeml  10  ^^^P^'^Hj^   of  the  front  end  wait  sequra^ 

Series  for  each  agent  coupled  «^  «"^f  « .^"/^''^  E^adl^Slfprovided  wherein  Do  (.he  LSB  of 

poaes  of  this  Specincauon.  the  vanable    C Jl«"^"  re«Ser  D)  is  set  to  1  aid  Lois  set  to  1.  In  addition,  the 

dghTbi.  shift  register  which  .s  uuliied  to  keep  track  of  re^  X^;^^„t  includes  the  setting  of  Moequa:  to 

th^  coUision  history  for  the  last  eight  daU>  n,^|«  ^'^^^^^^'^"^.^^'(huntbi.)  is  once  again  checked, 

which  an  agent  has  attempted  to  «n,d.  and  a  v"^'<=  "  ^^^^  ;„  pfo.  13.  this  deferral  adjustment  occurs  m 

-D"  which  denotes  an  eight  bit  shift  "K"'"/^^^  ^  wtere  ii  ^  deteUied  that  the  line  is  busy  prior  to 

ine  the  deferral  history  for  the  last  eight  messages  cases  wnerc  u  ■> 

which  have  been  attempted  to  be  f  ^  A' P!;^?^^  "T*eTent  the  RTS/CTS  handshake  is  no.  success- 
discussed,  a  collision  is  presumed  rf^heRT^-CTI  frame  J"^™  «™=„\  resumed  and  a  collision  adjust- 
h««lshake  protocol  fails  to  occur  withm  tl.e  IFG  pa-  20  ™- f ="  "  ™^?  ^^  ^  ^  ,  ^  ,he  value  of  L  is 
iod.  and  a  deferral  is  ''««»=d  to  occur  if  an  .gen^no  ^^'J^^^'^lS^.'^^SB)  one  bit.  In  addition.  L  ois  set 
l^S^sTr^-y^^^^^^^'-"^^^       ^^toi:dNc.setequaltoNc....Ulustratedm 

^'^s^i^^^rtsTn'^t^^^^rSaroir .  2^^^^^%z^:xz^^i^s 

tion  factor  represenu.tive  of  all  P""""^  .""^f"  ^^."^^  ^,1™  f  „„S  the  periLj  of  tia  =  (in  100 

which  the  the  agent  has  attempted  .0  transmit.  Av«i-  8^^  J™  „t,)  ^hich  aTagent  wf.its  ..  addi- 

abie  -L"  is  defmcd  as  a  local  mask  which  is  "P^e^^-  "^^/fronr^  waitmg  period  prior  .0  attempting 

tive  of  attempts  to  transmit  the  current  message  by  »  "^J"  *X  ^  mJmed  in^^rdance  wit',  recent 
agent  coupled  to  cable  32.  Ir.  «idit.on^c.s  detoed  i«  30  '^-^X^^,™^ modification  of  the  landom 

the  number  of  collisions  which  have  b^n  assumed  fora  ^"= '™;™^f-,^,,y  ^creases  the  probabUity  of 

particular  dau  packet,  and  N^  is  dcfmed  « the  n^^  T  suSStwC^frU  exchange,  and  thereby 

of  defertals  which  have  occu^cdpnor  to  the  transm^-  -J^^^^,  ^^^  ^.,,  32. 

^^^^f;n^S^3.,and(^r^  3,  ^^S^^-^^ -XT^- ^.^ 
transmission  of  a  new  data  packet,  the  vanable  G  b  ck«^M  ^  bP^  ^^^  ^^^^^^^  ^^  ^^^^  ^^^^^^ 
adjusted,  as  follows:  ,.  .    .u     •„!„        nrnviri«  a  network  which  permits  any  agent  to  be  cou- 

If  the  number  of  bits  sets  (i.e.  equal  to  1)  m  the  aght        P™7"  »  "^"^  ^    poirHnd  assign  itself  a  unique 
bit  register  "C'  is  greater  than  2.  then  all  bts  m  l^e  fo^       pl«i  « the  ^^^=^^7^^^,  ^,^|^.,  .o.el  colli- 

comprismg  C  are  set  to  0.  -r  "  45      Although  the  present  invention  has  been  described 

If  the  number  of  bits  set  m  the  eight  bit  regutCTC     45  ^^^^^^^„f„^^  ,0  FIGS.  1-13.  it  will  be 

is  less  than  or  equal  .0  2.  then  D  IS  exammed,  and  if  the  ^"J^"?^  om  ricSlS  in  the  art  that  the  present  inven- 
"mnberofbits«tin"D"islessthan.2.thenUiepr««it        »PP'^ttoonesfaU^^the«tt^^  ^  ^^ 

(toward  MSB)  and  sets  the  least  sigmficant  bit  (LSB)  of  ,  Vn  annaratus  for  assigning  a  unique  address  to  a 

C  «.d  D  equal  to  0.  Similarly   vanabl«  Nc  and  N^        da^  ^o^E  de  "ce^^led  to  a^communication 
which  denote  the  number  of  coltoons  and  d'^^ral  s^or  55  ^^^  P^°^^^°the  transfer  of  data  between  a  plural- 
the  particular  message  to  be  s^t  are  also  set  equ^  o  a        r^'^"^^,^J^'on  said  medium,  comprising: 
Moreover,  as  shown  in  RG.  13.  the  value  of  L  .s  then        '"^^^^^^^^^  ^„pl^  to  each  of  said  agents  for 

Kt  equal  to  the  value  of  G.  transmittine  sienals  onto  said  medium  and  recav- 

Wor  to  begimmig  the  front  end  wait  »«)"»^f^  C^S^IS  tiStted  on  said  medium  by  another 

closed  in  FIG.  8(a).  the  present  mvention  determm^  «  "B  ^B""^  t™"™ 

whether  or  not  a  flag  detect  (le.  Hag  byte)  has  b^  addr^  assignment  means  coupled  to  each  of  said 

detected  along  cable  3i  In  th-'v^t  ^t  no  ftag^y^  "'^^^.'^^Un  of  said  agents  to  assign  itself 

has  been  detected,  the  present  mvenuon  ttien  exau^  »gen        ^  communication  medium. 

the  sequence  of  operations  Ulu^mcd  >"  flf-  ^''> J^  ^j  tuSr^^gmnent  means  including: 

the  front  end  waiting  penod.  Subsequentto  fe  farf  65  ^°  ^\„„i^rienerating  means  for  generating  a 

front  end  wait  sequent,  f?' P^^^-tJeS^K^  ra^"om  numbTwithin^  predefmed  r«tge  for 

.  random  number  "r"  withm  a  prede^ed  ^e  ^        ^^^^^  ^^_ 

and  aien  calculates  the  value  of    R     by  logicaiiy  <^ 
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number  generating  means  for  storing  saia  icnui  ^^  ^^  ^^^^  ^  ^^^^^^  ^^  ^^^^  ^^^^  ^^^^^^  ^^ 

?or.^4"r;:?u^(^^^^^        siis'^'s^dcommunic.Uon^cdiun.  retransmitted 
devicchavingMidtcnt.t.ve«idre»on»«dccHn-        J^^»  ^j^y  of  devic^  .  method  used  by  each 

r"t^e  ri^^ceiving  mc^  coupled  to  10  of  said  agents  for  assigning  itself  a  unique  address  on 
acknowledge  ."«°^J^^1J^Z  ^  acknowl-        said  communication  system,  corapnsuig  the  steps  of: 
£;rSTp^n^^^»  «™t  oTir  gene^ting  a  random  number  wi*in  a  predetenmned 

^"l^d^iienftng  ^^.We^ar^  n.ge^r  -  - --,^f;-    _^ 

in  response  to  .ts  rccapt  °f  »^  ENQ«»^'  *"°  ,,       ^^ting  an  enquiry  (ENQ)  sigmJ  and  transmitting 

^     ^Z,  f^^  J  a  tentative  address  address  on  said  communicauon  system; 

2  ^Is^ll^'^^redTc^ml.whereinsaidf^.  AcAigna,  within  a  prcdcte,™,"' j  0^°) 

2.  I  ne  sysicm  asjociu        '                 transmits  a  plu-  after  the  transmission  of  said  ENQ  signal; 

X^orENQ^gXLir:?^dtN?S  b^g  whereby  an  agent  is  assigned  a  unique  address  on  s.,d 

t^Ltted  after  -  ^^G^- ^f^hercin  said  ""  "T^^m^e"^  J^efmed  by  claim  13.  wherein  said 

j'p'GTm"^%eraf2rre,t'r^f'XStytf       ted  Lr^d  ^Gti^.h^  elapsed  in  the  absence  of  the 
said  ENQ  signals  have  been  transmitted.  ••'*  '^Pii°!!fe^2.^  feted -y  claim  U  wh-em  said 

.„«h™U.».  <Ug  W«  b.™g  .  p™H-.»«I  b„  ,.        X?£T,^  of  ^Si^ily  ENQ  de™..  h...  !«. 
quence  and  an  ENQ  byte.  *"^* 

f   Th*"  sv^tiem  as  defined  by  claim  4,  wherein  said  40  traasmittca.  /..-u^  ;,^ 

p^and  transmits  seid  synchronization  pulse  on  said  <i^f^^  "?u^?„  h^„«i  hv  claim  17  wherein  said 
Ltmumcation  medi,^  ^  .^^'^''f^^J"^  "  ACKS^^L^^d"^  A^'^^Sgt'Ttrne 
Trt>^!^^  %  t^X'^Z:^.  wt*^'  ^'^'^  ^>S«L  ^g  byte  having  a  predeTmed  bit  se- 
synchronization  pulse  preceeds  said  other  signals  by  at  <l»«=^^^'^^'^^^  ^^„^  i,v  chum  18.  whcrem  said 
'T-^helST^as  defmed  by  claim  7,  wherein  said  IFG  55  random  number  is  in  the  range  of^l  to  256, 
time  is  generally  200  microseconds. 
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[37]  ABSTRACT 

A  floppy  disk  drive  controller  interface  implemented  as 
an  integrated  circuit  on  a  single  semi-conductor  chip. 
The  controller  connects  to  a  host  computer  data  bus 
at?d  one  or  more  floppy  disk  drives.  Based  upon  clock- 
ing and  control  signals  received  from  a  digital  com- 
puter, the  controller  generates  serial  encoded  data  for 
recording  on  a  floppy  disk  and  receives  serial  encoded 
data  previously  recorded  on  a  floppy  disk.  The  control- 
ler comprises  a  read  control  circuit  including  a  read 
data  register,  write  control  means  including  a  write  data 
register,  a  mode  register,  a  status  register,  state  latches, 
a  decoder  and  special  function  registers.  The  controller 
operates  by  the  setting  and  clearing  of  the  state  latches 
and  reading  or  writing  the  mode  register,  the  status 
register,  the  special  function  registers,  the  read  dau 
register  and  the  write  data  register.  The  setting  of  a  state 
latch  and  accessing  of  a  register  is  done  simultaneously. 
The  controller,  under  software  control,  operates  in  a 
synchronous  or  asynchronous  read/write  mode,  and 
slow  or  fast  read/write  mode. 
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INTEGRATED  FLOPPY  DISK  DRIVE  ,31'5V  V^  "^''  '•"•*  '"=''**•  *  "^^od"  ««« 

CONTROLLER    ''"'"'"'  fP««»''^="0"repjters.  The  controller  operates  by 

"-«*  the  setting  and  cleanng  of  the  state  latches  and  reading 

This  is  a  continuation  of  appBcationSer  No  573  067   *   i^XJiU'T*  7^  ""^^  register,  the  sutus  register,  the 
filed  J^  24,  1984.  now  abandoned  '         *   S^h  ^    °"  ""^"^  '^^  '^  '^''  ''S^'"  «"<»  "« 

*^«=  <!«««  register.  The  setting  of  a  state  latch  and  ae- 

BACKGROUND  OF  THE  INVENTION  "^^S  of  a  regUter  is  done  simultaneously.  The  con- 

1.  Field  of  the  Invention  '"""'  '"'*"  fftware  control,  operates  in  a  synchro- 

for^i^^^entation  as  an  integrated  <SS.       "  rSir^J^^re':;!"^^^^'^^'^,^; 

Floppy  disk  controUen  for  interfacing  between  digi-  15  Si''K'™„'^,''iT'  '^^  '^'"  °°  °'  °'^-  ^"""^ 
tal  computen  and  floppy  disk  drives  are  weU  knov™.  ^i^t  ^u  *,»"TP"  ""'or  in  the  disk  drive 
Such  disk  drive,  incline  a  moto.  t"  ^IfXZ  ^kt^Z^fTr"  ^''.^^  '^  ""^^  ^"» 
disk. .  floppy  disk  being  comprised  of  a  flexible  maS  wL  .^  °\t  "°^l'^  *"^  ^^  -^-n-ining  two 
sloped  such  that  it  U  flat  and  circular  and  onto  ^"?S  d^l-"  „^J=°''P'*^, '"  '^^  <*«^«'  ^lii^h  decodes 
bonded  a  magnetic  medium;  a  write  h^  forle^^K  20  nu^fd        «"'~'."8^  «^ved  from  the  com- 

necemng  binary  signaU  which  turn  the  disk  drive  motor  25       BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

mg  djjt.  or  receive  electrical  signals  g^^'^Sl       SS ^vl      * '*'*'~  "*"^'^ '=°"P"'" ""* '"OPW 
rtad  bead  as  the  magnetic  medium  rotates  oast  it  DkV  prr^  -.  •       ,.,     ,    .• 

drive  controUers  generate  Uie  necessary  bi^  siou^  »  or^t  invlri.^!  ^™"  °'  *^  <^troller  of  the 

to  turn  the  disk  drive  motor  on  and  off  mo^hc^  ^  "vendon 

«Kl  write  he«l,  and  send  appropr^te  S  to  ^  ™  '  is  a  detailed  block  dUgmn  of  the  read  control 

electronicandlogiccircuitryofthediskSo^^'        "^omepr««..  invention, 
the  read  and  wnte  he«ls  to  read  from  or  write  to  ^        tnrf  m«l  of  ,1.  l™"'  '*"?™°  of  the  write  con- 

magnetic  medium  of  the  rotating  floppy  disl  DiS  33  '^'""'  "'''""*°''- 

«^J^t,!T'™"'"  generate  the  appropriate  signals  to  DETAILED  DESCRIPTION  OF  THE 

^1^,     ,^'*,""L°°°^'^'''^"^°''^W«Vriatecon-  INVENTION 

^^dau««lclockslgnalsreceivedfromadigitalcom-  A  floppy  disk  drive  controller,  implemented  as  an 

In  U.S.  Pat  No.  4.210,959,  a  floppy  disk  drive  con  «.  {^J^"*  T^\-  "*  '''*='°««*  for  providing  an  interface 
tioUer  i,  disclosed  comprised  of  l^ZXp^'i  Md  ^^  '^T^  ^'^^"'"  """  "  ""PP^  "^  -l"^'-  '» 
regi«er.  controUer  logic  and  timing ^'^Uct2  ^^«h  !  '"^"P"""-  ""»««»"  'PecLIc  detaiU  a« 
The  serial/parallel  shift  register  U  Ss^Tt^f^lu  Z,^!^  .if  "  '^ "'^^  *""  °'  *'^'  '«'«^  ««=••  » 
toard  from  the  computer  on  a  datal^ih^n^U^  ^"de  a  thorough  undenunding  of  the  present  inven- 
logic  and  (imingmeaL  receives  signXfromtSl^te  45  SC^"°""^'^-«*^'«.'>bvious  to  one  skilled  in  the  art 

tophce  the  contn^iler  logic  meanfTon^^ffour'^S       ^h  ?^rdl.ZT°",r'>  ""^"^  ^'^'" 
We  taodes  of  operation  namely,  read,  sense  write^        ^..if    k        ^^\^  """^  instances,  well  known 

tect/write  inidalize,  write  reci;rd  «d^«^  "^  ^1?T  ^  "■?*"  "  "«=k  "^^S™"  fo™  » 
re^g  and  writing  is  done  in  a  synch^l^oui^J^  ^J^V^l,^'  ""^^  '"""'•^°"  *"  """^ 
baaed  upon  a  clock  signal  CLK  The  afcreMirf  in^Z^^  «^  s"ry  detail.  Unless  otherwise  stated,  for  convenience, 
Udire«ed  to  a  reUti^  simpie,^exlS=  J^Sw  5?^""".  '°«"=  **"•>«  ""d  to  describe  the  inven^^ 
suitable  for  consumer  Li  s^  ""^"pp^^'S,""  ^^u^f ''""  >«•  ll''  i^^"  "d  true  are  equivalent^ 
The  present  invention  is  an  integration  X^mroU^  T^  ^  ^^'-  T'  '°*  "«'  ^'^• 
disclosed  in  U.S.  P.,.  No.  4,210.939  Sxt^om  ^Ld  ler^r^vIS^  "  f'^^'^t  "°^^«^'  °f  *e  control- 
improvements  including  the  capabUitv  of  m,X^u  «  '"  P""''''f  "•  ""erf»=' between  microcomputers  man- 
modes  of  operation.                   «^P»bUity  of  multiple  S5  ufactured  by  Apple  Computer,  Inc.  of  Cupertino,  cTf. 

««.„  ^        "  "^  Apple-U  computer  and  successors  therrtn' 

BRIEF  SUMMARY  OF  THE  INVENTION  ^  ""PPV  d""  drives  such  as  Disk  11 S^,!!;^"  y 

A  floppy  disk  drive  controUer  interface  is  disclosed  »'i?-2""''f '"'  ""'iS,"'*  successors  thereta 

winch  is  implemented  in  «.integr.teSnT.T^^  «  or^TTv^J"  *"  ^^  ''  ""  =°'''^°""  "  "^  '^ 
troUer  comiects  to  a  host  computer  dau  bus  and  onfor  5.^^^  °°  ."S  '^*"  "  "■  ^^'^'^  »^«ween  a 
more  floppy  disk  drives.  Based  upon  cSf^d  «n  S  ""•"  «  "'*  *  ""PP^  ''"''  "rive  15.  The 
trol  signals  received  from  a  digiSj  c^m^u^*  ^  ^  t?^  u"""^^'"  "  "  ~"P'«*  '°  "^e  controUer  U 
^«er  generates  serial  encoded*Lu7oT^i  ^.'  £S  I^'a^"^"""""^  '^I"  ""SJ^  <™-I''>-  «»««>' 
noppy  disk  «ui  receives  serial  encoded  d^p^^o^w  65  ^TJ^irf'  %!"  ?=l'SV""'  ^^-  '«*' '"«  RESET 
recorded  on  a  floppy  disk.  The  cowrX  ™Z^  "■"  dock  hnesQ3  and  FCLK.  Although  not  part  of  the 
read  control  meansTcluding  a  rL^  H  e^^TS^  l'^  T" h^t  ""^ ^'"T ™ "°-  '  « '»°«*OM "^ 
control  mea.  including  a  write  dau  regislSlT  m^^'        ^u^i  1^^"'^  ."7.  ^^^^  ^2!  JrlC^"!: 
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enable  line  ENABLE.  When  the  computer  is  first  turned  spinning  a  floppy  disk  which  has  been  inserted  into  the 
on,  or  whenever  it  is  necessary  to  reinitialize  the  com-  disk  drive.  In  the  disclosed  embodiment,  a  single  bit  in 
purer  operating  system,  a  program  stored  in  boot  ROM  thecontroHer  is  used  to  generate  a  signal  on  ENABLl 
19  is  utilized  to  instruct  the  controller  II  to  read  a  pro-  or£NABL2and,  therefore,  only  one  of  two  drives  can 
gram  recorded  on  a  floppy  disk  in  disk  drive  IS  and  3  be  selected  at  any  given  point  in  time.  Of  coarse,  with 
transfer  it  over  data  bus  17  to  computer  13.  Such  boot  additional  hardware,  additional  drives  can  be  connected 
or  boot  strap  programs  are  well  known  in  the  art  and  to  the  controller.  It  should  be  noted  that  although  only 
will  not  further  discussed  herein.  one  set  of  lines  is  shown  as  being  coupled  to  controller 

DaU  on  data  bus  17,  depending  upon  signals  which  11.  with  respect  to  lines  such  as  SENSE,  which  may  be 
have  been  placed  on  control  tines  A0-A3,  comprises  a  10  set  for  one  drive  and  reset  for  the  other,  appropriate 
byte  of  data  which  has  been  received  from  the  disk  logic  orcuits  are  employed  to  ensure  that  only  signals 
(frive,  which  is  to  be  sent  to  the  disk  drive  or  which  is  from  the  selected  drive  arc  input  to  the  controller  logic, 
to  be  loaded  into  or  read  from  registers  within  the  con-  Referring  now  to  FIG.  2,  the  main  components  of  the 

troller  11.  The  controller  11  is  selected  by  the  computer  controller  11  wrll  now  be  described.  The  invented  con- 
by  a  **(r  on  line  DEV  and  is  placed  in  an  initial  state  by  15  tioller  comprises  mode  register  31;  status  register  33; 
«  **(r  on  line  RESET.  Qock  signals  generated  by  the  read  I's  register  35;  handshake/undemm  flag  register 
computer  on  lines  Q3  and  FCLK  arc  used  by  the  con-  37;  suie  latches  39;  decoder  41;  read  control  means  45 
troller  as  timing  signals.  Qock  signals  Q3  and  FCLK  and  write  control  means  47.  Read  control  means  45  and 
are  generated  with  periods  which  depend  on  the  speed  write  control  means  47  will  be  discussed  more  fully 
of  the  processor  in  the  computer.  In  a  preferred  embodi-  20  j^qw  with  respect  to  FIGS.  3  and  4  respectively. 
ment,  Q3  is  a  2  MHz  clock  and  FCLK  is  a  7  MHz  clock.  Once  the  controUcr  11  has  been  selected  by  the  com- 

Additionally,  Q3  may  be  left  at  "(T  (if  only  asynchro-        puter  U  by  a  signal  on  SEVandthc  controller  has  been 
nous  mode  is  used)  and/or  FCLK  may  be  8  MHz.  initialized  by  a  signal  on  RESET  (which  sets  the  sUte 

Data/control  lines  between  the  controller  11  and  disk  Utches  to  their  default  values),  the  controUer  is  in- 
drivc  15  are  as  follows.  Signals  on  lines  PO  through  P3  23  stnicted  by  the  computer  to  p^orm  a  particular  func- 
control  a  stepper  motor  22  which  routes  a  unit  turn  in  tion  by  signals  on  AC^■A3  which  set  or  reset  one  of  eight 
cither  a  forward  or  backward  direction  depending  upon  state  buches  39  (PO  through  P3  and  L4  through  L7).  It 
the  signals  on  lines  PO  through  P3.  In  a  typical  floppy  should  be  understood  that  regardless  of  the  sutes  of  the 
disk  drive,  a  unit  turn  is  a  one  quarter  turn,  a  one  eighth  latches  PO  through  P3  and  L4  through  L7.  unless  the 
turn,  or  a  one  sixteenth  l^im,  however,  this  value  is  30  controller  has  been  selected  by  a  signal  on  UEV.  no 
strictly  drive  dependent  Each  unit  turn  of  the  stepper  operations  wUI  be  performed  by  the  controller.  DEV 
raoior  causes  the  read  and  wnte  heads  to  move  a  unit  enables  the  controller  when  it  is  low.  The  falling  edge 
distance  m  a  forward  or  backward  direction.  The  unit  of  DEV  Utches  information  on  AO  through  A3.  One  of 
distance  the  Leads  move  is  also  drive  dependent,  but  the  aforesaid  eight  latches  Is  set  by  a  "I"  on  AO  and 
typical  unit  distances  are  one-half  or  one-quarter  track.  35  reset  by  a  *V  on  AO.  The  particular  latch  to  be  set  or 
The  binary  signaU  on  lines  PO  through  P3  are  input  to  reset  based  upon  AO  is  determined  by  the  address  set  on 
track  select  amplifiers  23  which  convert  the  binary  a1  through  A3.  Table  1  shows  the  addresses  on  Al 
signals  mto  a  volugc  which  rotates  the  stepper  motor  through  A3  which  correspond  to  Utches  PO  through  P3 
22.  and  L4  through  L7. 

Signals  on  WRDATA  arc  binary  signals  generated  40  tapt  p  1 

by  the  controller  and  arc  input  into  read/write  amplifi-  TABLE  I 

ers  25  of  disk  drive  15.  SignaU  on  WRDATA  cause 
read/write  cmplifien  25  to  energize  or  de-^nergize  the 
write  head  coil  26  to  cause  data  to  be  written  on  the 
magnetic  medium  as  it  spins  under  the  write  head.  Sig-  43 
nals  on  WRREQ  enable  to  disable  write  head  coil  26  to 
allow  or  prevent  the  writing  of  data  based  on 
WRDATA.  Similarly,  as  the  magnetic  medium  passes 
under  the  read  head,  the  read  bead  coil  26'  is  energized 
or  de-energized  and  the  detected  data  is  converted  by  SO 

the  read/write  ampliTiers  25  into  a  binary  signal  which  Signals  on  PO  through  P3  cause  the  stepper  motor  22 

is  placed  on  tine  RDDATA.  to  operate  as  follows.  Setting  PO  causes  the  stepper 

A  write  protect  sense  signal  is  generated  by  the  disk  motor  to  be  pUced  in  an  initial  state  readying  it  for  a  one 
drive  15  and  placed  on  the  SENSE  line  when  a  switch  unit  turn  in  either  a  forward  or  backward  direction 
28  in  the  disk  drive  is  closed  to  indicate  that  the  disk  SS  depending  upon  the  next  signal  received.  If  the  next 
drive  has  been  placed  in  a  write  protect  state.  Such  sig^  received  is  PI  (i.e.,  when  Utch  Pi  is  set),  the 
switch  may  be  a  mechanical  switch  operated  by  a  user  stepper  motor  turns  one  unit  which  causes  the  read  and 
and/or  a  switch  which  detects  whether  a  floppy  disk  write  heads  to  move  a  unit  distance  forward.  If  P3  is  set 
jacket  has  a  write  protect  notch,  such  as,  for  example,  a  after  PO,  then  the  stepper  motor  turns  one  unit  in  the 
photocell  which  causes  a  transistor  switch  to  close  60  opposite  direction  and  the  read  and  write  heads  step  one 
when  light  to  it  is  blocked  by  the  floppy  disk  Jacket  unit  distance  backwards.  At  this  point,  both  PO  and  Pi 

Lastly,  drive  select  signaU  are  generated  by  the  con-  are  set  (or  PO  and  P3  if  the  heads  are  being  moved 
trojier  and  placed  on  tines  ENABLl  or  ENABL2.  backwards)  and  PO  is  cleared.  After  PO  is  cleared,  as- 
ENABLl  U  input  to  a  first  disk  drive  and  LNABL2  is  suming  additional  forward  head  travel  is  desired,  P2  is 
mmit  to  a  second  disk  drive.  Each  of  these  ENABLl  or  63  set  which  causes  the  stepper  motor  to  turn  an  additional 
ENABL2  inputs  a  coupled  to  a  drive  motor  amplifier  unit  in  the  forward  direction  stepping  the  read  and 
27  which  converts  the  binary  signal  into  a  voltage  to  write  beads  another  unit  distance  forward.  If  additional 
cause  a  motor  29  in  the  disk  drive  to  rotate  thereby        head  movement  in  the  forward  direction  is  necessary. 
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PI  is  cleared  and  P3  is  set  causing  an  additional  unit  turn 
of  the  stepper  motor.  In  a  similar  manner,  if  backwards 
movement  of  the  read  and  write  heads  are  necessary, 
and  PO  has  been  set  followed  by  P3,  PO  is  cleared  and  E*2 
is  set  followed  by  the  clearing  of  P3  and  the  setting  of 
PI,  each  of  which  causes  the  stepper  motor  to  rotate  a 
unit  turn  in  the  opposite  direction  and  step  the  read  and 
¥mte  beads  a  unit  distance  in  a  backwards  direction. 
Further  cycles  of  PO,  PX,  P2,  P3  (for  forward  motion) 
or  PO;  P3,  P2,  PI  (for  backwards  head  travel),  may  be 
issued  by  the  computer  13  by  addresses  on  AO  through 
A3,  as  appropriate,  to  cause  the  read  and  write  heads  to 
move  to  any  desired  track. 

The  setting  and  clearing  of  L4  through  L7  determine 
other  functions  to  be  performed  by  the  controller  11  as 

described  below.  

After  the  conpolla-  has  been  selected  by  DEV  and 
initialized  by  RESET,  and  WRITE  MODE  REGIS- 
TER a  set  as  described  below,  DO  through  D4  on  the 


to 


ting  down  drive  motor  29.  However,  ifOBT  is  cleared, 
then  thecleanng  of  L4  will  not  cause  logic  cijrcuit  42  to 
disable  ENABLl  or  ENABL2  until  a  one  second  timer 
has  elapsed  (if  LATCH  is  reset  or  until  a  one-half  milli- 
second timet  has  elapsed  if  LATCH  is  set).  Generally,  it 
is  preferable  that  there  be  a  deUy  before  turning  off  a 
drive  motor  because  subsequent  disk  operations  fre- 
quendy  occur  in  a  very  short  time  frame  after  prior  disk 
operadons.  Thus,  without  the  delay  before  disabling 
ENj 


fABLl  or  ENABL2,  subsequent  disk  operations 
would  be  subjected  to  waiting  for  the  motor  to  achieve 
proper  speed.  Of  course,  the  operation  system  or  other 
program  in  the  computer  should  include  appropriate 
waits  or  timing  loops,  when  necessary,  to  ensure  that  no 
15  disk  reads  or  writes  are  requested  imtil  the  drive  motor 
is  up  to  speed.  Additional  functions  performed  by  the 
controller  are  determined  by  the  settings  of  L6.  L7.  and 
MOTORON.  L6.  L7  and  MOTOR-ON  select  which 
register  is  to  be  read  or  written  as  described  below, 
d^u  bus  17  are  loaded  intc  the  mode  register  31  to  select  20  Registers  are  read  during  any  operation  in  which  AO  is 
a  particular  mode  of  operation  for  subsequent  reads  and  being  cleared.  Registers  are  written  towhei?  AO  is  being 
writes.  The  data  on  DO  through  W  correspond  respec-  set.  L6,  L7  MOTOR-ON,  AO  and  DIV  are  input  to 
tively  to  the  signals  LATCH,  SYNCH,  OBT,  FAST  decoder  41  which  decodes  the  inputs  and.  as  described 
and  8/7  of  the  mode  register.  LATCH  will  be  discuised  below,  places  a  "P  on  one  of  the  lines  READ  STA- 
more  fiiUy  beiow  with  respect  to  the  read  control  means  25  TUS  REGISTER,  WRITE  MODE  REGISTER, 
43  and  FIG.  3.  SYNCH,  when  cleared,  places  the  con-  WRITE  DATA  REGISTER,  READ  DATA  REGIS- 
troUcT  in  a  synchronous  mode  for  subsequent  reads  and  TER,  READ  I's  REGISTER  or  READ  HAND- 
writes.  When  SYNCH  is  set,  subsequent  reads  and  SHAKE/UNDERRUN  FLAG  REGISTER.  Each  of 
writes  are  performed  in  an  asynchronous  mode.  Both  the  following  operations  take  place  as  the  falling  edge  of 
synchronous  and  asynchronous  modes  of  operation  will  30  DEV  is  input  to  decoder  41. 


When  L^  L7  and  MOTOR-ON  are  '^",  the  decoder 
41  places  a  "r  on  READ  Vs,  REGISTER  which 
causes  the  read  I's  register  35  to  place  a  b>-te  of  binary 
Is  on  the  daU  bus  17,  lines  DO  through  D7.  The  Ts  on 
tte  data  bus  are  read  into  the  memory  of  the  computer 
for  use  by  the  operating  system  or  other  program. 

When  L6,  L7  are  *V"  and  MOTER-ON  is  "1",  the 
decoder  4l  places  a  T  on  READ  DATA  REGIS- 
TI:R.  The  function  performed  when  READ  DATA 


be  discussed  more  fully  below  with  respect  to  FIGS.  3 
and  4. 

OBT  when  cittred  enables  a  one  second  on  board 
timer.  When  OBT  is  set,  the  timer  is  disabled.  The  on 
board  timer  will  be  discussed^  more  fully  below  with  35 
respect  to  ENaBLI  and  ENABL2  which  select  one  of 
two  disk  drives  which  are  coupled  to  the  controller. 

When  FAST  is  cleared,  the  controller  operates  in 
slow  mode.  Normally,  intmial  timing  of  the  controller 

is  based  upon  the  clock  signal  CLK  which  is  equal  to  40  REGISTER  is  set  will  be  discussed  below  witli  refcr- 
the  clock  signal  FCLK  generated  by  the  computer.        encc  to  the  read  control  means  45  and  FIG.  3. 
When  FAST  is  cleared,  internal  liming,  i.e.  CLK  per-  When  L«  is  *T,  L7  is  "0"  and  MOTOR-ON  is  *Xr  or 

iod,  B  equal  to  twice  the  period  of  FCLK.  -l"  (i.e.  don't  care),  the  decoder  41  places  a  T  on 

8/7  also  relates  to  timing  the  FCLK.  When  an  8  MHz  READ  STATUS  REGISTER  which  causes  the  con- 
clock  is  in  use,  8/7  is  set  If  FCLK  is  running  at  7  MHz,  45  tents  of  the  mode  register  31  and  status  register  33  to  be 
8/7  is  cleared.  The  value  of  8/7  is  used  by  the  controller  placed  on  data  bus  17,  such  that  the  bus  takes  on  the 
to  determine  how  many  FCLK  periods  are  required  for  following  values;  LATCH  is  placed  on  DO,  SYNCH  is 
a  given  unit  of  time.  For  example,  if  FCLK  is  8  MHz,  placed  on  Dl.  OBT  is  placed  on  D2,  FAST  is  pUced  on 
one  microsecond  wiU  be  eight  clock  periods;  if  FCLK  is  D3,  8/7  is  placed  on  D4,  MOTOR-ON  is  placed  on  D5. 
7  MHz,  one  microsecond  will  be  seven  clock  periods.  50  a  0  is  placed  on  D6  and  SENSE,  from  the  disk  drive,  is 


This  allows  computers  with  7  MHz  clocks  and  comput 
en  with  8  MHz  clocks  to  read  and  write  equivalently, 
that  is,  data  written  by  a  computer  with  r*  7  MHz  clock 
can  be  read  by  a  computer  with  an  8  MHz  clock  and 
visa  versa. 

After  the  mode  register  has  been  loaded  to  set  up 
particular  modes  of  operation,  one  of  the  t*Mo  drives  is 
selected  by  latch  L5  as  follows.  When  latch  L5  is 
cleared,  drive  1  is  selected.  When  latch  L5  is  set,  drive 


placed  on  D7.  The  operating  system  or  other  program 
in  the  computer  13  is  then  able  to  determine  the  status  of 
controller  11. 
When  L6  is  '0",  L7  is  "I"  and  MOTOR-ON  is  •*0"  or 
55  "1",  ihe  decoder  41  places  a  "1"  on  READ  HAND- 
SHAKE/UNDERRUN  FLAG  REGISTER  which 
causes  the  handshake/undemm  flag  register  37  to  place 
**l**'s  on  DO  through  D5,  an  underrun  flag  URF  on  D6 
and  a  handshake  flag  HS  on  D7.  The  underrun  flag 


2  is  selected.  After  a  drive  has  been  selected,  setting  60  URF  and  the  handshake  flag  HS  will  be  discussed  with 

latch  L4  wiU  ckuse  line  MOTOR-ON  to  go  to  "l".  respect  to  the  write  control  means  47  and  FIG.  4.     • 
When  latch  L4i8  set,  if  Utch  L5  is  "0",  drive  1  is  en-  When  L6  is  "P,  L7  is  "I"  and  MOTOR-ON  is  "0", 

■Wed  by  ENABLl;  if  L5  is  '*r,  drive  2  U  enabled  by  the  decoder  41  places  a  **!"  on  WRITE  MODE  REG- 

^^»?^  ISTER  and  the  data  on  DO  through  D4  of  the  data  bus 

^OTT  mentioned  above  can  now  be  described.  When  65  17  is  written  into  the  mode  register  31  with  DOcorre- 

OffT  is  set.  if  L4  is  cleared.  ENABLl  or  ENABL2  is  sponding  to  LATCH,  Dl  corresponding  to  5TOCH, 

disabled  by  logic  circuit  42,  which  includes  the  onboard  D2  corresponding  to  QST.  D3  corresponding  to  FAST 

timer,  depending  upon  the  setting  of  L5,  thereby  shut-  and  D4  corresponding  to  8/7.  This  occurs  during 
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WRITE  MODE  REGISTER  at  the  rising  edge  of  the  LFTO  and  LFTl  are  input  to  shift  registet  ciata  logic 

logical  function  Q3  or  DIV.  circuitry  S3  which  sets  hne  55  if  LFTl  u  "1"  or  cicart 

When  L6.  L7  and  MOTOR-ON  are  "I",  the  decoder  hne  55  if  LFTO  is  **!"  unless  SR7  U  "I"  (as  described 

41  pUccs  a  -r  on  WRITE  DATA  REGISTER.  The  below),  the  data  on  line  55  being  the  data  input  to  shift 
function  perfonncd  when  WRITE  DATA  REGIS-   5   register  57. 

TER  is  set  will  be  discussed  below  with  reference  to  The  daU  on  line  55.  when  shift  register  57  is  signaled 

write  control  means  47  and  FIG.  4.  by  shift  clock  59  by  a  signal  on  Ime  60  is  input  to  the 

The  read  control  means  45  wiU  now  be  discussed  ^i^  register  one  bit  at  a  tame.  Shift  clock  59  sets  Ime  60 

with  reference  to  FIG.  3.  As  noted  above,  with  L6  and  at  the  end  of  each  LFTl  puke  or  LFTO  pulse  except 
L7  equal  to  "0"  and  MOTOR-ON  equal  to  *M",  the  10  when  SR7  is  set.  SR7  is  set  after  a  fuU  byte  of  data  has 

decoder  41  places  a  ^r  on  READ  DATA  REGIS-  been  shifted  into  the  shift  register  This  occws  became 

TER.  Of  cou«e.  prior  to  reading,  the  read  head  is  ^e  '^^^  'T'^^u^^  ^^  shift  register  57  from  the 

moved  to  the  desir«J  track  of  the  floppy  disk  by  rotot-  data  stored  on  the  disk  is  always  a    1    accordmg  to  the 

ing  the  stepper  motor  22  according  to  control  signals  on  ^"P  ^^  ^8  «*I«°«  'f^J^'l  '  u  ?^  ^  °° 
POthmu^  Was  described  abovl  As  the  flopVdisk  '^  the  diskette.  Whennn  the  leadmg  bit  of  a  byte  is  always 

routes  under  the  ^^.^^^^"^^"^^  "  ©«;«  SR7  is  set.  load  read  data  register  logic  61  gen- 

causCT  the  cod  m  the  read  head  to  be  energized  ana  #       .-      ^-%     t.-  t.             .t.    j  *         t.-A. 

«^uM»  un^  vvi.  *«  w.v                        Dr^r^A-rT«,«-  CTates  a  sigmU  on  line  63  which  causes  the  dau  m  shift 

"^^^^^T^  ^TT^  b"t.^  d^  ™S^  «P««^  57Vbe  paraUe!  loaded  into  the  read  data  regis- 

spondmg  to  s«  bits  and  "^^^^^^^^J^^^  20  terV  The  shift're^ter  57  is  cleared  one  half  a  r^ 

medium.  At  this  dme.  neither  the  oontroUer  nor  the  ^^  ^^^^  ^^  ^^^^  ^^  ^  ^^^  .^  .^           ^^          ^ 

computer  can  determine  which  porOon  of  a  track  is  ^^  ^^^          ^^^^^ 

under  the  read  head.  Th^efore^  method  for  detenmn-  The  signal  on  line  63  is  set  by  load  read  data  register 

mg  where  data  readmg  should  be  started  is  necessary.  A  j     .^  ^  ^  ^  'ollows. 

method  for  providing  proper  synchronixatian  for  such  ^      ^  5y„ch^nous  mode.  i.e.  when  SYNCH  is  '^\  when 

purpose  IS  described  m  U.S.  Pat  No.  4.210.959.  ^^  ^  ^^^  ^^  ^^  ^^  ^^^^^^  ^  ^  ,^^^^  ^^  ^^^ 

Once  synchronization  has  been  obtained,  readmg  jaU  in  the  shift  register  57  each  time  the  shift  register  57 

proceeds  as  follows.  The  read  daU  extractor  51  detects  ^j^^  j,y  ^^  ^^^^  ^f  ^^^  ^  ^,y  ,,5^  ^^^  ^^^  register 

negative  transitions  of  RDDATA  synchronized  to  the  ,^^^  g,   However,  when  X7  is  set.  i.e..  when  the  first 
CLK  clock  signal.  Each  time  a  negaDve  transition  of  3^  ^^^^^  ^^  ^^^  ^^g  read  arrives  at  the  far  end  of  the 

RDDATA  occurs,  it  resets  an  mtcrval  counter.  When  ^^^^  register  and  is  parallel  loaded  into  the  read  data 

8/7  is  set.  the  interval  U  16  CLKi.  When  8/7  is  reset,  the  register  65,  the  load  read  data  logic  61  wUI  hold  Unc  63 

interval  is  14  CLKs.  The  information  on  RDDATA  is  [^^  f^^  f^y^  CLKs  after  SRI  (corresponding  to  bit  1  of 

spaced  at  these  inier\'i!s  or  "around"  these  intervals.  A  ^^^  register  57)  becomes  "1"  due  to  the  first  bit  of  the 
"1"  is  a  negative  transition  at  the  expected  time.  i.e.  33  ^^3^,  ^y^  ^eing  shifted  through  shift  register  57.  This 

interval.  A  "0"  u  no  transition  at  the  expected  time.  The  jjgijy  j^  j^  ensure  that  the  byte  in  the  read  data  register 

expected  time  is  widened  by  approximately  one-half  an  ^•^^  ji,ej.e^  ^nd  therefore  available  to  be  routed  to  buffer 

interval  before  and  after  the  expected  time  since  the  ^  ^^^  q^  data  bus  17  DO  through  D7,  long  enough  to 

dau  is  net  precisely  spaced  when  read  due  to  variations  ^e  seen  by  the  computer  13.  but  not  long  enough  to  be 
in  drive  speed  and  other  external  factors.                        40  ^^^  j^  ^  valid  byte  twice.  The  rising  edge  of  D7  is 

A  negative  transition  of  RDDATA  is  detected  as  a  delayed  by  hold  read  data  register  logic  67  so  that  if  D7 

-1-  and  the  read  data  extractor  51  causes  the  signal  ^  ^ad  by  the  computer  13  as  "1",  it  is  guaranteed  that 

LFTl  to  pulse  to  a  "1"  for  one  CLK  cycle.  The  next  tjje  data  on  DO  through  D6  will  have  been  correctly 

expected  data  is  nominally  at  16  CLKs  when  8/7  is  set.  written  into  a  register  in  the  conputer  13.  This  delay  is 

This    may    range    between    16—8=8    CLKs    and  45  created  by  the  hold  read  daU  register  logic  67  as  fol- 

16+7=23  CLKS  Thus,  if  another  negative  transition  lows.  When  LATCH  is  cleared,  which  it  should  be 

of  RDDATA  occurs  between  8  and  23  CLKs.  another  during  synchronous  mode  operation,  and  X7.  corre- 

**P  is  detected  and  LFTl  pulses  to  a  *M"  for  one  CLK  spending  to  bit  7  of  read  data  register  65.  is  set«  output 

cycle.  If  no  negative  transition  occurs  on  RDDATA  rr7  from  hold  read  data  logic  67.  which  corresponds 

between  8  and  23  CLKs  a  "V"  is  detected  and  LFTO  50  to  input  bit  7  of  buffer  66.  is  not  set  until  I  CLK  period, 

pulses  to  "I"  for  one  CLK  cycle.  when  FAST  is  "P  (fast  mode),  and  a  i  CLK  period 

If  a  LFTl  has  occurred  within  the  expected  time,  the  when  FAST  is  **(r  (slow  mode)  after  X7  is  set 

interval  counter  is  reset,  otherwise  the  next  expected  In  asynchronous  mode,  i.e.  when  SYNCH  is  set.  read 

data  is  nominally  at  32  CLKs.  This  may  range  between  data  register  65  is  parallel  loaded  from  shift  register  57. 

32-8=24  CLKS  and  32+7=39  CLKs.  If  a  negative  55  This  ocurs  by  the  load  r«ad  data  register  logic  61  setting 

transition  of  RDDATA  occurs  between  24  and  39  line  63  when  SR7  is  set.  To  ensure  that  the  data  in  read 

CLKs.  a  **r*  is  detected  and  LFTl  will  pulse  to  "1"  for  data  register  65  is  properly  loaded  into  a  register  in 

one  CLK  cycle.  If  no  negative  transition  of  RDDATA  computer  13,  in  asynchronous  mode.  LATCH  should 

occurs  a  'X)"  is  detected  and  LFTO  will  pulse  to  "1".  always  be  set.  When  LATCH  is  set,  the  data  on  X7  is 

Similarly,  subsequent  intervals  are  widened  from  the  60  placed  on  RR7  by  hold  read  data  register  logic  67  at  the 

nominal  number  of  CLKs  by  minus  8  CLKs  and  plus  7  rising  edge  of  READ  DATA  REGISTER.  This  en- 

CLKs  with  LFTl  being  pulsed  if  a  negative  transition  sures  that  D7  will  meet  the  set  up  arid  hold  requirements 

of  RDDATA  occurs  within  the  widened  interval  and  of  the  computer  13.  If  D7  is  read  by  the  conputer  13  as 

LFTO  being  pulsed  if  there  is  no  negative  transition  of  "1",  DO  through  D7  are  correctly  written  into  a  register 

RDDAT.V  When  8/7  is  reset,  LFTO  and  LFTl  are  65  ofthe  computer  13.  X7  will  be  reset  by  clear  X7  logic  69 

pulsed  as  described  above,  except  intervals  are  nomi-  fourteen  FCLK's  after  READ  DATA  REGISTER  is 

nally  14  CLKs  and  are  widened  minus  7  CLKs  and  plus  set  and  D7  is  "1"  (i.e.,  the  byte  has  been  read  by  the 

6  CLKs.  conputer)  so  that  X7  will  be  clear  and  the  conputer  13 
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will  not  re-read  the  byte  as  valid  during  subsequent  with  data  from  write  data  register  81.  When  8/7  is  set. 

polling,  i.e.,  setting  of  READ  DATA  REGISTER.  shifts  and  toggles  arc  separated  by  8  CLKs.  When  8/7  is 

Write  control  means  47  will  now  be  described  with  reset  toggles  occur  6  CLKs  after  shifts,  and  shifts  occur 

reference  to  FIG.  4.  Write  control  means  comprises  8  CLKs  after  toggles. 

write  dau  register  81  for  receiving  a  byte  of  data  to  be   S  Due  to  the  relaxed  timing  which  occurs  during  asyn- 

written  on  the  disk,  shift  register  83  for  converting  the  chronous  writes  as  compared  to  synchronous  writes, 

parallel  data  in  write  data  register  81  to  serial  form,  and  the  following  additional  operations  are  needed  to  ensure 

toggle  85  for  generating  the  bitstream  which  is  to  be  that  data  is  being  properly  written.  Handshake  flag  HS 

written  onto  the  disk.  Write  control  means  47  ftirther  is  set  by  handshake/unrjerrun  logic  89  upon  the  comple- 
ccmprises   load/shift   logic   87,   hiindthakr/undemin  10  tion  of  a  parallel  loading  of  shift  register  83.  as  deter- 

logic  89.  write  shift  clock  92  and  WRREQ  logic  93.  all  mined  by  signals  on  lines  97  and  99  and  reset  by  the 

cf  which  control  the  timing  of  the  write  control  means.  handsfaake/undemm  logic  89  when  WRITE  DATA 

To  initiate  a  write,  Lti  is  set,  L7  is  cleared  to  set  up  a  REGISTER  is  enabled.  Since  computer  13  can  issue  a 

pre-write  state.  The  pre-write  state  initialiTrt  the  write  ccmmand  to  clear  L6  which  will  cause  the  decoder  to 
thift  clock  91  and  load /shift  logic  circuit  87  setting  line  IS  enable  READ  HANDSHAKE/UNDERRUN  FLAG 

99.  sets  WRDATA  and  WRREQ,  resect  underrun  flag  REGISTER,  the  status  ofthe  handshake  flag  HS  can  be 

URF  in  handshake/underrun  flag  register  37  and  initial-  determined  by  the  computer.  That  is  the  computer  can 

izei  a  toggle  clock  in  toggle  85.  Prior  to  actual  writing.  poll  the  handshake/underrun  flag  register  37  untO  the 

L«  and  LS  should  be  placed  in  appropriate  states  to  HS  flag  is  "l"  indiciting  thit  the  'ATite  'Ig^a  register  St 
select  the  desired  drive  and  set  MOTOR-ON.  When  L6.  20  hftj  been  parallel  loaded  into  the  shift  register  «3  and  the 

L7  and  MOTOR-ON  are  "1".  the  decoder  places  a  "r  write  data  register  is  available  for  another  byte  of  data. 

on  WRITE  DATA  REGISTER  which  k>ads  data  from  Once  the  computer  detects  that  the  write  data  register 

dau  bus  17,  DO  through  D7.  to  the  wme  daU  rcmster  gi  ^  avaiUble,  it  may  issue  a  command  to  set  L6  which 

81  at  the  rising  edge  of  the  logical  ftmctKm  Q3  or  DEV.  ^iU  enable  WRITE  DATA  REGISTER  which  will 

This  register  is  in  turn  parallel  loaded  into  shift  register  25  f^^j^c  the  byte  on  daU  bus  17  to  be  written  into  write 

83  as  follows.  As  noted  above,  when  k«d/shift  control  ^ta  register  81. 

logic  87  is  initialized,  line  99  is  set  When  hne  99  is  set.  Xo  ensure  that  a  new  byte  of  daU  has  in  &ct  been 
a  pulse  from  the  write  shift  clock  91  on  line  97  causes  10,^^^  ^^^  ^  ^rite  data  regiirter  81  prior  to  loading 
data  in  write  dau  register  81  to  be  latch«i  into  shift  the  shift  regist«-  83,  the  underrun  flag  URF  in  hand- 
register  83.  In  asynchronous  mode  (SYNCH  is  set),  the  30  jhake/undemin  flag  register  37  is  employed  as  follows, 
load  wiU  be  completed  approximately  eight  CLK's  after  ^  p^,^  ^^^^^  .j^^g  ^^  pre-write  sUte  when  writ- 
^VRTTE  DATA  REGISTER  has  been  set.  In  synchro-  j^g  is  initiated,  undemm  flag  URF  is  reset,  Le-  when  L7 
nous  mode,  the  load  wUl  be  completed  between  four  i^  mq»^  jhe  underrun  flag  URF  U  set  by  handshake/un- 
and  five  Q3  periods  after  WRTTE  DATA  REGISTER  d^r^un  logic  89  when  the  parallel  load  of  the  shift  regis- 
bas  been  set  -«ct:«t,  ^^  ter  83  ends,  if  the  handshake  flag  is  set.  indicating  a  new 
In  synchronous  mode.  (SYNCH  is  reset)  wnung  con-  ^yte  has  not  been  written  into  the  write  dau  regiter  81. 
tmues  as  foUows.  Once  the  dau  has  been  loaded  mto  ^incc  the  current  sute  of  underrun  flag  VKF  is  input  to 
shift  register  83.  the  roost  sigmficant  bit  m  the  shift  WJGRIQ  logic  93  through  line  101,  ifURF  is  set  then  no 
register  wiU  be  shifted  onto  Une  95  which  will  «»use  new  dau  has  been  loaded  into  write  dau  register  81 
?1^  *^^^  ''^™^^  ^  WRDATA  to  toggle  from  40  before  i^^^g  the  shift  register  83,  and  WlftklO  logic 
-r  toyr  since  WRDATA  is  mituhzed  at  -P  and.  93  ^  ^^jg  WKREQ  before  tb -  next  transition  of 
jccordmg  to  the  group  code  coding  scheme  used,  the  WRDATA  occurs.  When  WRRI:?  is  •*!-,  the  write 
fim  bit  of  a  byte  mtit  be  a  ^r.  Shift  register  83  wiU  ^^  j,  disabled  preventing  the  same  byte  of  daU  from 
shift  every  a^t  Q3  periods  after  it  has  been  loaded,  being  rewritten.  URF  can  only  be  reset  by  exiting  from 
foUowed  two  Q3  penods  Uter  with  a  toggle,  if  the  date  45  writing,  le.,  when  L7  is  'V. 

on  line  95  is  a  y,  and  will  continue  wch  shift  and  por  an  example  showing  how  Utches  L4  through  L7 

toggle  untd  the  byte  has  been  wntteiL^piB,  a  byte  of  .re  set  by  the  computer  during  asynchronous  writes,  see 

dau  IS  shifted  out  and  wntten  m  64  (33  penods  and  a  Xable  2.  For  an  example  showing  how  Utches  L4 

new  byte  of  dau  c^  then  be  paraUel  loaded  mto  shift  j^rough  L7  are  set  by  the  compu^r  during  synchronous 

register  83.  With  this  tumng,  a  T'  must  be  placed  on  50  writet^see  Table  3 
WRITE  DATA  REGISTER  every  64  Q3  periods. 

otherwise  0*s  will  be  shifted  out  of  shift  register  83.  TABLE 
During  synchronous  mode  URF  is  always  reset  so  that 
URF  does  not  prevent  writing  dau  on  disk  by  causing 
WRREQ  to  be  set.                                                               55 

When  the  controller  is  in  asynchronous  mode 
(SYNCH  is  set),  the  timing  constraints  of  synchronous 
writes  are  relaxed.  When  in  asynchronous  mode,  write 
control  means  47  operates  as  follows.  After  shift  regis- 
ter 83  has  been  parallel  loaded  with  the  dau  from  write  60 
dau  register  81.  the  most  significant  bit  in  shift  register 
83  will  be  shifted  onto  line  95  and  after  eight  more  CLK 
periods,  toggle  85  will  cause  WRDATA  to  toggle  from 
**!**  to  'XT  since,  as  noted  above,  the  most  significant  bit 
must  be  a  **1'*.  Subsequent  shifts  and  toggles  are  sepa-  65 
rated  by  eight  CLKs.  After  all  eight  bits  have  been 
shifted  out  of  shift  register  83,  load/shift  logic  87  places 
a  "T*  on  line  99  which  parallel  loads  shift  register  83, 
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8  read  control  means  and  a  write  control  means 
based  upon  said  decoded  commands; 

mode  storage  means  coupled  to  said  decoder  means 
and  for  coupling  to  said  computer,  said  mode  stor- 
age means  for  storing  data  sent  by  said  computer 
indicating  modes  of  operation  selected  by  said 
computer,  said  modes  of  operation  including  at 
least  one  of  synchronous/asynchronous  reading 
and  writing  and  fast/slow  clock; 

said  status  register  means  coupled  to  said  decoder 
means,  and  for  coupling  to  said  floppy  disk  drive 
and  said  computer  for  storing  information  regard- 
ing the  status  of  said  at  least  one  disk  drive  and  the 
ooatroUer  for  interrogation  by  said  computer,  said 
status  being  determined  by  the  contents  of  taid 
modi;  storage  means  and  said  status  register  means; 

said  read  control  means  coupled  to  said  mode  storage 
means,  and  for  coupling  to  said  computer  ind  said 
at  least  one  disk  drive  for  receiving  data  from  said 
disk  drive  and  sending  said  data  to  said  corrputer  in 
a  mode  of  operation  as  determined  by  said  mode 
storage  means;  and 

said  write  control  means  coupled  to  said  mode  stor- 
age means,  for  coupling  to  said  at  least  one  disk 
drive  for  receiving  data  from  said  computer  and 
sending  said  data  to  said  disk  drive  in  a  mode  of 
operation  as  determined  by  said  mode  storage 


30 


35 


The  diclosed  coatroUer  may  be  packaged  in  a  stan- 
dard 28  pin.  600  mil  plastic  DIP  using  well  known  prior 
art  methods.  All  of  the  pinouts  are  shown  in  FIG.  1, 
except  for  voltage  source  Vcc  and  ground. 

Thus,  a  disk  controller  for  interfacing  between  a 
digital  computer  and  a  floppy  disk  drive  which  may  be 
implemented  as  an  integrated  circtiit  has  been  de- 


scribed. The  controller  is  capable  of  performing  multi- 
ple modes  of  operation,  including  fast  and  slow  clock-  50  in  said  at  least  one  disk  drive  b  activated. 


X  The  controller  de.tned  by  claim  1  wherein  the  state 
commands  stored  in  said  state  storage  means  control 
positioning  of  a  stepper  motor  in  said  at  least  one  disk 
.'nve.  enable  and  disable  a  drive  motor  in  said  at  least 
one  disk  drive,  select  one  of  said  at  least  one  disk  drives 
to  write  to  or  read  from,  and  cause  said  decoder  means 
to  generate  said  control  signals  as  determined  by  said 
state  commands. 

3.  The  controller  defined  by  claim  2  further  compris- 
ing a  delay  timer  wherein  said  modes  of  operation  are 
asynchronous  reading  and  writing,  synchronous  read- 

40  ing  and  writing,  timing  based  on  said  clock  signal  run- 
ning at  a  flrst  speed,  timing  based  on  said  clock  signal 
running  at  a  second  speed,  enabling  said  delay  timer  for 
turning  off  a  drive  motor  in  said  at  least  one  disk  drive, 
and  disabling  said  delay  timer  for  turning  off  said  disk 

43  drive  motor. 

4.  The  controller  defined  by  claim  1  wherein  the 
information  stored  in  said  status  register  means  is  used 
to  inform  said  computer  when  said  at  least  one  disk 
drive  is  in  a  write  protect  state  and  when  a  drive  motor 


ing  and  synchronous  and  asynchronous  reading  and 
writing. 
We  claim: 

1.  An  integrated  circuit  floppy  disk  drive  controller 
formed  in  a  single  semiconductor  device  for  interfacing  55 
between  a  digital  computer  having  an  address  bus  and  a 
data  bus,  and  at  least  one  floppy  disk  drive,  said  disk 
drive  controller  and  said  computer  being  coupled  by 
said  data  bus,  said  computer  generating  a  clock  signal 
which  is  input  to  said  controller,  said  controller  com-  60 
prising: 
state  storage  means  for  coupling  to  said  computer  by 
said  address  bus  for  storing  state  commands  sent  by 
said  computer; 
decoder  means  coupled  to  said  state  storage  means  65 
for  decoding  sute  commands  stored  in  said  sute 
storage  means  and  generating  control  signals  for 
controlling  the  operation  of  a  status  register  means. 


S.  The  controller  defined  by  claim  1  wherein  said 
read  control  means  comprises: 

a  read  data  extractor  means  for  converting  serial 
signals  received  from  said  disk  drive  into  a  plurality 
of  serial  pulses  representing  binary  Ts  and  binary 
•0-s; 

a  shift  register  means  coupled  to  said  read  data  ex- 
tractor means  for  converting  said  plurality  of  serial 
pulses  into  parallel  data; 

a  register  means  coupled  to  said  shift  register  means 
for  storing  parallel  data  from  said  shift  register 
means  tmtil  said  parallel  data  can  be  placed  on  said 
data  bus  for  transfer  to  said  computer;  and 

a  read  data  control  means  coupled  to  said  read  data 
•  extractor  means,  said  shift  register  means  and  said 
register  means,  said  timing  signal  from  said  com- 
puter being  input  to  said  read  control  means,  said 
read  data  controls  means  for  controlling  the  load- 


'APPLE_PAT_4_742_448_11"  264  KB  2000-02-21  dpi:  300h  x  300v  pix:  1889h  x  2885v 


David  T  Craig    •    21  February  2004 


I  Page  0343  of  0515 


Apple  Computer  Selected  Patents 


13 


4,742,448 


14 


ing  of  dau  into  said  shiit  register  means,  said  regis- 
ter means  and  onto  said  data  bus,  and  using  said 
timing  signal  to  ensure  that  data  sent  to  said  com- 
puter is  not  lost  and  is  not  duplicated. 
6.  The  controller  defined  by  claim  5  wherein  said 
read  data  control  means  comprises: 
a  read  shiA  clock  coupled  to  said  read  extractor 
means  and  said  shift  register  means  for  generating  a 
signal  to  cause  said  shift  register  means  to  shift  so  as 
to  be  loaded  with  data  based  on  said  plurality  of 
serial  pulses; 
a  load  read  data  register  logic  circuit,  coupled  to  said 
shift  clock*  said  shift  register  means  and  said  regis- 
ter  means,  which  settds  a  signal  to  said  register 
means  when  prior  data  in  said  register  means  had 
been  received  by  said  computer  a&  determined  by  a 
bit  in  said  register  means; 
a  bold  read  data  register  ^ogic  circuit  coupled  to  said 
register  means  and  a  buffer  means,  said  buffer 
means  also  being  coupled  to  said  register  means, 
said  hold  read  data  register  logic  circuit  sending  a 
signal  to  said  buffer  means  after  a  predetermined 
period  of  time  which  is  long  enough  to  ensure  that  25 
data  in  said  buifer  means  has  been  properly  trans- 
ferred to  said  computer,  said  predetermined  period 
of  time  being  based  upon  the  timing  of  SAid  com- 
puter as  determined  by  said  clock  signal  fron  said 
computer.  30 


10 


15 


20 


7.  The  controller  defined  by  claim  1  wherein  said 
write  control  means  comprises: 

register  means  for  storing  parallel  data  from  said 
computer  to  be  sent  to  said  disk  drive; 

shift  register  means  coupled  to  said  register  means  for 
converting  said  parallel  data  into  a  serial  bit  stream; 

toggle  means  coupled  to  said  shift  register  means  for 
generating  pulses  representing  binary  Ts  and  bi- 
nary *0's  which  are  sent  to  said  disk  drive;  and 

write  dau  control  means  for  controlling  the  loading 
of  data  from  said  computer  into  said  register  means, 
said  shift  register  means,  and  said  toggle  means,  to 
ensure  that  data  sent  to  said  disk  drive  is  not  lost 
and  b  not  duplicated. 

8.  The  controller  defined  by  claim  7  wherein  said 
write  data  control  means  comprises: 

a  write  shift  clock  coupiod  to  said  shift  register 
means; 

a  kjMu  mad  shift  register  logic  circuit,  coupled  to  said 
shift  register  means  and  said  write  shift  clock, 
which  sends  a  signal  to  said  shift  register  means 
causing  the  shift  register  means  to  load  data  from 
said  register  means  and  shift  dau  which  has  been 
previously  loaned;  and 

a  handshake/undemm  logic  circuit  coupled  to  said 
load  and  shift  register  logic  circuit,  and  said  write 
shift  clock  for  generating  signals  to  inform  said 
computer  when  said  register  means  is  ready  to 
receive  additional  daU  from  said  computer. 
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[57] 


ABSTRACT 


A  memory  mapping  unit  which  permits  a  computer  to 
run  programs  designed  to  provide  32-bit  or  24-bit  ad- 
dress signals  to  address  a  32-bit  addressable  memory. 
When  a  CPU  generates  a  32-bit  address,  that  address  is 
passed  through  to  provide  a  32-bit  physical  address. 
However,  when  the  CPU  generates  a  24-bic  address,  the 
most  significant  bits  are  processed  by  the  memory  map- 
ping unit  to  provide  a  remapped  32-bit  physical  address. 
The  memory  mapping  unit  is  implemented  on  a  single 
semiconductor  chip  using  gate-array  technology. 
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cftUy  access  the  memory  by  using  the  more  recent  32-bit 

ItfEMORY  MAPPING  UNIT  FOR  DECODING  addressing  scheme,  or  alternatively,  converting  the 

ADDRESS  SIGNALS  prior  art  address  scheme  having  less  than  32  bits  to  a 

3^-bit  address. 


BACKGROUND  OF  THE  INVENTION 


SUMMARY  OF  THE  INVENTION 


1.  Field  of  the  Invention  .^                   .          .       ^       -.                              *. 
The  present  invention  relates  to  the  field  of  computer  The  present  mvention  descnbes  an  apparatus  for 

memory  management  units,  and  more  specifically,  to  permitting  a  32  address  bit  CPU  and  main  memory  to 

mapping  less  than  32  bits  onto  a  32-bit  memory  address  run  24  address  bit  programs.  A  memory  mappmg  umt 

^„s.                                                                                    '^  (MMU)  of  the  present  invention  is  placed  between  the 

2.  Prior  Art  ^PU  and  the  main  memory.  Whenever  the  CPU  runs 
In  most  computera,  a  central  processing  unit  (CPtf)  programs  designed  to  generate  32-bit  addresses  for  ac- 

communicatcs  directly  with  both  an  address  bus  and  a  cessing  main  memory,  the  MMU  permits  the  address 

daU  bus.  These  buses  are  coupled  to  a  memory  system  signal  to  pass  without  remapping.  However,  whenever 

m  addition  to  numerous  other  items,  such  as  input/out-  *'  the  CPU  runs  programs  designed  to  generate  24-bit 

put  ports,  specialized  processors.  DMA  units,  etc.  The  addresses,  the  MMU  converts  the  24  bia  and  provides  a 

new  generation  of  microcomputers  of  today  utilized  32-bit  physical  address  signaL  The  remapping  is  essen- 

single  chip  CPUs  such  as  the  8086,  80386,  63000  and  tial  because  equivalent  tasks  of  each  program  need  to 

68C20.  More  recent  chi|^  such  as  the  ZQ3&6  and  the  access  equivalent  areas  of  memory. 

68020  utilize  32  bit  address  signals  to  access  various  ^  The  MMU  as  implemented  in  the  preferred  embodi- 

locations  within  the  memory.  ment  processes  the  four  most  significant  bits  of  the 

Memory  management  units  are  well-known  in  the  24-bit  address  signal  .-aid  generates  the  twelve  most 

prior  art  and  are  used  to  provide  -•fncient  utilir^tion  of  significant  bits  of  the  32-bit  physical  address  signal, 

the  computer's  main  memory-  These  umts  perform  Further,  the  processing  is  achieved  using  combinatorial 

housekeeping  functions,  such  as  remapping,  aitd  often  ^5  j^^^  implemented  in  gate-array  technology. 

include  a  memory  which  stores  data  containing  reloca-  

tion  of  an  address  base  and  providing  paging  functions.  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Becau5^  of  the  complexity  of  present  day  CPU  cUips.  pjQ  j  ^^  ^^  ^lock  digram  showing  the  various  dispo- 
more  complex  memory  management  uni  J  are  provided  ^^^^  of  address  signals  processed  by  the  memory  map- 
to  perform  extemive  and  complicated  mravory  mana^ie-  30  ^^  ^^  ^^^  ^^^^^  invention, 
ment  functtons-  One  such  chip  is  the  6885*  paged  meji-  piG.  2fl  is  a  schematic  dUgram  showing  the  upper 
^7J^^"^^^  "^*  ^^  Motorola  Inc.  to  support  tlic  j^  quadrant  of  a  mapping  circuit  of  fhe  preferred  cm- 
68020  chip.  bodiient 

However,  until  the  advent  of  the  32-bit  microproces-  ^^^     '    .  „„_  ^. -„».,  „„„j^„«.  ^r  *»,.  „«__ 

..     ^-*       ,.     «T>TT            *  J       1^1.-*     J1J1.**  «  FIG.  2o  shows  the  upper  ngnt  quadrant  oi  tne  map- 

sor  chips  the  earhcr  CPUs  operated  on  16-bit  and  24-bit  35  ^.                          ^^      *^  ^ 

addressing  schemes.  Considerable  software,  including        ^^^S!^^i        ^.    ,  !_&       j—  *   r*u : 

_.    *     ^         L        u            •**      .                 *i FIG.  2c  shows  the  lower  left  quadrant  of  the  mapping 

operating  systems,  have  been  written  to  run  on  these  .7:       ^"''»  ^.^^ .«    *,    w  ^                            ff   » 

prior  art  16-bit  and  24-bit  computers.  Prior  art  memory  *^"!S^  -  ,  ,^          ^    .            •  t_.        j      .    «■  *i. 

Lnagcment  units  operating  L  conjuction  with  these  FIG.  2rf  shows  the  lower  nght  quadrant  of  the  map- 

cariicr  CPUs  are  not  able  to  provide  the  extended  ad-  40  P"*«  circuit. 

dressing  bit  capability  of  the  new  32-bit  processors.  DETAILED  DESCRIPTION  OF  THE 

Although  32-bit  memory  management  units  are  avail-  INVENTION 

able,  such  as  the  aforementioned  6885  ]»  such  units  are  ...       ..    .  <• 

very  complex,  costly  and  provide  significantly  more  A  memory  mappmg  umt  is  described  for  use  in  a 

complex  functions  than  the  basic  memory  remapping  45  digital  computer  which  mcludcs  a  c«itral  processing 

which  is  required  to  convert  the  prior  art  16-bit  and  ^^  (CPU)  and  a  main  memory.  In  the  followmg  de- 

24-bit  address  ranges  into  a  32-bit  address  map.  scription,  numerous  specific  details  are  set  forth  such  as 

For  example,  the  Macintosh™  computer  sold  by  specific  memory  sizes,  part  numbers,  circuite.  etc.,  m 
Apple  Computer  Inc.  of  Cupertino,  Calif.,  provided  a  order  to  provide  a  thorough  undcrstandmg  of  the  pres- 
24*it  address  scheme,  wherein  24  bits  physically  ad-  50  ent  invention.  However,  it  vitU  be  obvious  to  one  skilled 
dressed  the  memory.  A  newer  computer  operating  on  in  the  art  that  the  present  invention  may  be  practiced 
the  68020  CPU  is  now  capable  of  addressing  consider-  without  these  specific  details.  In  other  mstanccs,  well- 
able  more  memory  space  due  to  its  32-bit  address  con-  known  structures  and  circuits  are  not  described  in  detail 
figuration.  However,  to  run  the  earlier  software  written  in  order  not  to  unnecessarily  obscure  the  present  inven- 
for  the  24-bit  machine,  the  32-bit  system  must  be  capa-  55  tion. 

ble  of  converting  the  24-bit  address  range  of  the  older  Referring  to  FIG.  I.  the  memory  mapping  scheme  of 

system  to  a  32-bit  address  range  of  the  newer  computer  the  pi««nt  invention  is  shown.  A  CPU  10  is  coupled  to 

system.  Although  other  metnor>'  management  units  are  accesi  memory  11.  A  data  bus  12  couples  the  data  bc- 

capablc  of  performing  this  function,  the  memory  remap-  tv/een  CPU  10  and  memory  11.  The  memory  11  is  ar- 

ping  of  24  to  32  bits  can  be  accomplished  much  more  60  ranged  such  that  it  is  mapped  by  a  32-bit  address  signal 

simply  and  economically  with  the  present  invention.  from  CPU  10.  The  memory  mapping  unit  (MMTJ)  15  of 

The  present  invention  builds  upon  those  prior  art  the  present  invention  is  located  to  accept  logical  address 

memory  management  units,  as  well  as  the  more  recent  signals  from  CPU  10  and  to  provioe  physical  address 

32-bit  memory  managcmeiit  units.  The  memory  map-  sigials  to  memory  11.  The  CPU  10  of  the  preferred 

ping  unit  of  the  present  invention  is  simplistic  in  design  65  emjodiment  is  a  Motorola  68020  CPU  chip  which  pro- 

and  function  and  is  economical  from  a  cost  stand  point.  vidcs  a  32-bit  address  signals.  The  eight  lower  signifi- 

The  memory  mapping  unit  of  the  present  invention  is  cant  bits  (LSBs)  are  passed  directly  to  memory  11  on 

capable  of  providing  a  32-bit  address  rtuige  to  physi-  address  bus  16  to  provide  the  8  LSBs  for  the  physical 
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address  signal.  The  other  24  bits  are  provided  from  the 
CPU  10  as  logical  address  on  logical  address  bus  17. 

Bus  17  is  coupled  to  MMU 15,  wherein  the  24  address 
bits,  LA8-LA31,  are  split  into  two  paths.  Bits  LAS— 
LA19  are  diresjtly  coupled  to  provide  physical  address 
bits  A8-A19  on  physical  address  bus  18.  Bits  LAl- 
4-LA31  are  ccupled  lo  mapping  circuit  20,  wherein 
circuit  20  provides  the  12  most  significant  bits  (MSBs) 
A20-A31  of  the  physical  address  signal  on  bus  18.  Al- 
though bus  16  and  18  are  shown  as  two  separate  buses  in 
FIG.  1,  in  actuality  buses  16  and  18  comprise  a  single 
32-bit  physical  address  bus  for  accessing  memory  11. 
Various  other  lines  ^re  coupled  between  CPU  10, 
MMU  15  and  memory  11,  and  are  shown  by  a  single  line 


10 


are  never  changed  when  remapped  to  the  32-bit  address 
range.  Only  the  most  significant  digit  (the  A-  MSBs;  of 
the  24-bit  address  is  converted  to  provide  bits  A20-A31, 
when  remapped  to  the  32-bit  physical  address.  For 
example,  a  24-bit  address  of  $B0  0000  is  converted  to  a 
32-bit  address  by  remapping  the  digit  B  to  provide  the 
three  most  significant  digits  FBO  of  the  32-bit  address. 
For  an  address  of  SBF  FFFF,  the  digit  B  is  still  re- 
mapped to  digits  FBO  to  provide  a  physical  address  of 
SFBOF  FFFF.  An  address  between  $B0  0000  and  SBF 
FFFF  is  remapped  linearly  between  SFBOO  0000  and 
SFBOF  FFFF.  The  other  address  ranges  are  remiipped 
equivalently.  In  functional  terms,  circuit  20  when  in  the 
24-bit  mode  will  take  the  most  significant  digit  of  the  24 


22  in  no.  I  for  the  purpose  of  simplicity,  docking  ,3  bj,  ^d^^ss.  LA20-LA23,  and  generate  a  new  three 


signals,  function  code  signals,  bus  acknowledge  signaJs, 
strobing  signals  and  other  control  signals  are  included 
as  part  of  line  22. 

In  operation  the  lower  order  8  bits.  A0-A7,  are  cou- 
pled to  memory  11  without  transitioning  through  MMU  20 
15.  The  other  24  address  bits  from  CPU  10  are  coupled 
to  MMU  15  on  bus  1 7.  Physical  address  bus  18  provides 
address  bits  A8-A3],  which  when  combined  with  ad- 
dress signals  A0-A7  provide  the  32  bits  needed  to  ac- 
cess memory  11.  When  CPU  10  is  processing  software  23 
which  was  written  to  provide  32  bits  of  addressing, 
circuit  20  will  accept  LA20-LA31  and  pass  the  12  bits 
through  to  provide  address  bits  A20-A31.  Therefore,  in 
the  32-bit  mode  all  32  bits  from  the  CPU  10.  A0-A7  and 


digit,  12  MSBs,  of  the  32-bit  physical  address. 

Referring  again  to  Table  1,  the  remapping  scheme  of 
remapping  the  24-bit  physical  address  space  of  the  ear- 
lier 24-bit  software  into  a  32-btt  physical  address  space 
is  arbitrary  and  is  left  to  the  designer.  H'jwever,  the 
remapping  scheme  of  the  preferred  embodiment  as 
shown  in  Table  !  is  designed  specifically,  such  that 
portions  of  the  memory  allotted  to  a  particular  task  ia 
the  eaiiier  version  of  the  Macintosh  TM  computer  is 
mapped  to  an  equivalent  memory  space  in  the  memory 
of  the  newer  computer  system  using  the  32-bit  memory 
address.  Obviously,  because  of  the  size  of  memory  11, 
there  will  be  excess  memory  space  when  the  24-bit 


LA8-LA31,  are  coupled  straight  through  to  memory  11  30  P^^ys'cal  address  space  is  mapped  into  memory  11.  Al 
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as  physical  address  signals  A0-A31  permitting  the  CPU 
10  to  provide  the  physical  address  of  memory  11. 

When  exe-niting  earlier  Macintosh  TM  computer 
software,  only  the  24  I^Bs  of  the  32-bit  address  field 
emanatiog  from  CPU  10  contain  useful  information. 
The  8  MSBs,  IA24-LA31,  are  not  relevant  to  the  ad- 
dress field,  and  hence,  are  ignored  by  the  MMU  15.  The 
8  LSBs  are  genf:rated  directly  onto  bus  16  as  address 
signals  A0-A7.  The  other  meaningful  address  bits, 
LAS-LA23  are  inputted  into  MMU  15.  MMU  15  passes  ^ 
LA8-LA19  directly  as  before  to  bus  18  as  A8-A19.  The 
MSBs  of  the  24-bit  address,  LA20-LA23,  are  remapped 
by  circuit  20  to  provide  the  12  physical  address  signals 
A20-A31.  Therefore,  in  the  24-bit  mode,  the  lower  20 
address  bits  are  passed  directly  through  to  memory  11 
as  address  signals  A0-A19  and  the  upper  12  bits  from 
CPU  10  are  converted  and  remap  ped  by  circuit  20  to 
provide  address  signals  A20-A3]. 

The  mapping  scheme  of  mapp:.ng  a  24-bit  address 
range  to  a  32-bit  address  range  to  access  memory  11  as 
used  in  the  preferred  embodiment  is  shown  below: 

TABLE  I 


24  bic  addren  range 

32  bit  address  range 

SxxOO 

0000 

SmTF 

bhtb 

JOOOO 

0000 

S007F 

FFFF 

SkxSO 

0000 

$«8F 

FFFF 

S4000 

0000 

S400F 

FFFF 

Snx90 

0000 

$xx9F 

H-hh 

$F900 

0000 

$F90F 

FFFF 

SxxAO 

0000 

$«AF 

tttt 

SFAOO 

0000 

Sr-AOF 

FFFF 

SuBO 

0000 

SxxBF 

FFFF 

JFBOO 

0000 

Jl=BOF 

FFFF 

SuCO 

0000 

$mCF 

FFFF 

SFCOO 

0000 

SFCOF 

FFFF 

SxxDO 

0000 

SxxDF 

FFFF 

JFDOO 

0000 

SFDOF 

FFFF 

SxxEO 

0000 

SjuiEF 

FFFF 

SFEOO 

0000 

JFEOF 

FFFF 

SnxFO 

0000 

SxxFF 

FFFF 

55000 

0000 

$500F 

FFFF 

The  addresses  are  shown  depicted  in  hexidecimal 
code,  such  that  each  digit  is  represented  by  4  address 
bits.  For  example,  a  24-bit  address  of  S90  0000  is  con- 
verted by  the  MMU  15  to  a  32-bit  address  SF900  0000. 
It  should  be  noted  that  in  the  remapping  scheme  the 
lower  five  digits,  which  determine  address  bits  A0-A19 


though  a  particular  addressing  scheme  using  a  24-bit  to 
a  32-bit  conversion  is  described,  it  is  appr«nated  that 
oher  remapping  address  schemes,  including  conversion 
of  other  than  24  bits,  can  be  practiced  without  departing 
from  the  spirit  and  scope  of  the  invention. 

Referring  to  FIGS.  la-d.  a  circuit  schematic  of  cir- 
cuit 20  of  FIG.  1  is  shown.  Various  logical  address 
signals  LA14-LA31,  as  well  as  various  control  signals, 
^re  shown  as  inputs  to  input  buffers  31.  The  upper  sig- 
nals LA14-LA19.  R/W,  FC0-FC2,  Ea5»  and  clocking 
signal  C16M  are  utiUzed  to  develop  FXS  and  BERR 
signals,  and  are  not  pertinent  to  the  address  conversion 
provided  by  the  MMU  15.  The  actual  address  transla- 
tion is  provided  by  a  portion  of  the  circuit  associated 

45  with  input  signals  LA20-LA31  and  function  code  signal 

FC3. 

The  BGACK  is  a  bus  acknowledge  signal,  which  is 
not  actually  used  for  ramapping,  but  is  necessary  for 
activating  output  buffers  60  and  101.  A  68020  users 

50  manual  can  be  consulted  for  a  precise  purpose  of  the 
various  CPU  signals  described  above.  The  24  or  the. 
32-bit  mode  of  the  circuit  20  is  controlled  by  the  state  of 
signal  FC3.  Whenver  FC3  is  low,  the  MMU  15  operates 
to  transfer  the  32  bits  from  the  CPU  straight  through  as 

55  physical  address  to  memory  11.  Whenever  FC3  is  high, 

MMU  15  is  m  its  24  bit  mode  and  signals  LA20-LA23 

representing  the  MSBs  of  a  24-bit  address  signal  is  used 

to  provide  a  remapped  32-bit  address  signal. 

When  in  the  32-bit  mode,  signals  LA24-LA31  are 

60  coupled  to  NAND  gates  41-48,  which  outputs  are  cou- 
pled to  NAND  gates  51-58.  The  outputs  of  NAND 
gates  51-58  are  each  coupled  to  its  respective  tristate 
output  buffers  60.  When  in  the  32-bit  mode,  FC3  is  high, 
placing  a  high  on  second  input  of  each  of  NAND  gates, 
41-48  such  that  the  outputs  of  gates  41-48  will  be  deter-' 
mined  by  the  sUte  of  the  signals  LA24-LA31.  FC3 
signal  is  inverted  by  inverter  71,  which  output  is  cou- 
pled to  an  input  of  various  NAND  gates  81-91.  The 
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output  of  NAND  gates  81-91  are  coupled  to  various  NAND  gate  93,  such  that  only  when  all  inputs  LAI- 

mput  of  NAND  gates  51-58  and  65-67  as  shown  in  the  4-LA31  are  low  the  output  of  NAND  gate  93  will  be 

schematic.  Signals  LA23-LA20  are  coupled  through  low.  The  output  of  NAND  gate  93  is  coupled  to  an 

buffer  73  to  AND  gate  64  and  NAND  gates  61-63,  input  of  NOR  ^ate  94  along  with  FC2.  CaS  and  R/W 

respectively.  In  the  32-bit  mode,  signals  LA2Q-LA31   5  signals,  such  tJiat  whenever  signals  LA14-LA31  are  all 

are  coupled  through  dual  NAND  gate  configuration.  low,  FC3  is  in  user  mode  Go w  state)  and  a  write  is 

such  as  NAND  gates  41  and  51,  or  through  a  single  attempted,  a  bus  error  signal  BERR  will  result  at  the 

AND  gate,  such  as  for  Li\23,  wherein  the  state  of  the  output  of  buffer  95. 

signals  LA20-LA31  are  unchanged  as  they  are  output-  Flip-flop  96  is  a  D-type  flip-flop  coupling  the  output 
ted  as  A20-A31.                                                               10  of  NOR  gate  94  to  buffer  95.  Output  of  NOR  gate  94  is 

The  outpuu  of  gates  51-58  and  64-67  are  each  passed  coupled  through  inverter  96  to  an  input  of  NAND  gale 

through  its  respective  tristate  output  buffer  60  to  pro-  97^  which  also  has  its  input  an  inverted  ESS  signal 

vide  address  signals  A20-A31.  Buffera  60  have  their  (LAS),  as  well  as  a  combination  of  FC0-FC2  coupled 

tristate  enable  line  coupled  to  BGACK  signal  through  through  NAND  gate  98.  Gate  97  provides  an  output  to 
inverter  75.  As  long  as  signal  BGACK  remams  high,  15  ^  j  i„p„t  of  a  J-K  flip-flop  99.  The  Q  output  of  J-K 

tristate  buffers  60  are  enabled  to  provide  an  output  ffip-fiop  99  is  coupled  through  inverter  100  and  then 

However,  when  BGACK  goes  low  the  trisute  buffera  through  buffer  101  to  provide  a  PaS  signal.  Buffer  101 

60  are  placed  in  its  tristate  position  and  circuit  20  is  -^^  testate  buffer,  wherein  the  enable  line  is  coupled  to 

decoupled  from  providmg  address  signals  on  hues  A2-  ^^  ^^^  ^^^^  ^^  ^  buffers  60.  Output  of  NAND 

"^^*-              .      .      .     .^  ^.         ^                        ^  gate  97  sete  the  J-K  flip-flop  99  and  provides  a  low  on 

When  operatmg  m  the  24-bit  mode,  Junction  code  ^^  q          ^  ^^  ^^  ^      A      5^  -p^  ^^^    ^  ^^  NAND 

FC3  goes  tow  and  a  low  state  is  placed  on  the  mput  of  g^tc  97  U  also  couoied  to  the  K  input  of  flip-flop  94 

gates  41-48  and  61-64,  such  that  Uie  output  of  these  ^^    j^  ^^^^  ^^^  ^  ^^,  ^^      ^  CI^^  ,j 

gates  41-^  and  61-63  remams  high  and  the  output  of  ^^  ^  ^    j^  ^  ^,^^  .          ^^  ^^      99  and  96 

gate  64  rem^  low  causing  LA2fluLA31  from  tmisi-  25  ^^^  3    hroniring  these  two  flij^flom^The  purpose  of 

tionmg  to  the  output  A20-A31.  Therefore,  signals  on        «•«««•»     •_  1   ..u   rrv  -—  i*/   hac 

-  .  -  .*-  .  --           L    •    II     J          I  J   r  flip-flop  !i9  is  to  simply  convert  the  LAS  signal  to  a  PAS 

LA24-L/l31  are  basically  decoupled   from   passing  •      ,    *  .1.        *     .    fu  «■     «n< 

through  circuit  20.  due  to  ihe  operation  of  gates  41-48  '^^  jlV^*  ^T  ?i[  ^              ^^         r    -      > -»n  ■ 

and  61-64.  In  the  24-bit  mode,  i^ere  bits  24-31  repre-  ^  ^^  ^^^^  ^*=  "PP*^  JT°L     T"   .^ 

sented  by  LA24-LA31  are  non-functiomd  bits,  they  are  30  nonmatcnal  to  the  operation  of  the  addr^  i^lat^^^ 

excluded  from  the  operation  of  the  circuit  20.  of  convertuig  24.bit  address  space  mto  a  32-bit«idress 

Signals  LA20-LA23.  which  represent  the  most  sig-  fP*"'  Furtner.  circuit  20  of  the  preferrco   mbodiment 

rificant  digit  of  a  24-bit  address  and  which  provide  the  »  structured  using  known  gate  array  ^hmques.  such 

remapping  in  the  preferred  embodiment,  are  used  for  ^^  <=^^»'^  20  is  embodied  ui  a  smglc:  semiconductor 

the  necessary  decoding  to  generate  remapped  signals  35  ^^P-  However,  other  configurations  and  technique. 

A20-A31.  Buffer  73s  and  inverters  74  couple  signals  «<>*  necessarily  gate  arrays,  can  be  used  to  provide  the 

LA20-LA23  to  correspc  nding  NAND  gates  81-91  as  ^^^"^  translauon  of  the  present  mvention  without 

shown  on  the  schematic  to  provide  the  necessary  de-  departing  from  the  spint  and  scope  of  the  present  mven- 

coding  for  the  address  translation.  FC3  is  low  in  this  ^°^'  Also,  circuit  20  ihows  other  components,  such  as 

instance  such  that  the  output  of  inverter  71  is  at  a  high  40  P«M-«P  resii;tors  assonatcd  with  buffers  31.  unused  m- 

state,  permitting  gates  81-91  to  respond  to  various  in-  "^cnen  (shown  within  the  dotted  lines  associated  with 

puts  coupUng  signals  LA20-LA23.  Outputs  of  gates  «*««-  such  as  gate  51),  and  pads  for  couplmg  vanous 

81-91  are  coupled  to  NAND  gates  51-58  and  65-67,  signals  to  and  from  the  chip,  but  these  features  are  weU- 

-  wherein  further  address  translation  is  provided  in  gates  known  in  the  art  and  do  not  add  to  the  teaching  of  the 

51-58  such  that  LA20-LA23  of  a  24-bit  address  signal  is  45  present  mvention- 

converted  to  provide  A20-A31  of  a  32-bit  physical  Thus,  a  memory  mapping  umt  for  a  computer  is  de- 
address  signal  to  address  memory  11  of  FIG.  1.  scribed. 

It  should  be  pointed  out  that  a  single  AND  gate  64  is  ^e  chum: 

used  for  the  generation  of  address  signal  A23  in  the  1.  In  a  computer  system  which  includes  a  central 

preferred  embodiment,  because  address  signal  A23  wiU  50  processing  unit  (CPU)  for  operating  on  programs  of 

be  0  whenever  converting  24  bits  to  32  bits.  This  is  done  varying  bit  length  addressing  fields,  a  computer  mam 

in  the  preferred  embodiment  because,  as  can  be  seen  in  memory,  and  a  memory  mapping  unit  (MMU),  said 

Table  1.  the  largest  value  encountered  by  the  sixth  digit  MMU  coupled  to  said  CPU  and  said  main  memory,  said 

during  the  remapping  is  a  value  of  7.  However,  address  MMU  comprising: 

line  A23  could  be  implemented  using  two  NAND  gates  55  input  means  coupled  to  accept  a  CPU  address  signal 

and  appropriate  decoding  as  is  the  case  with  the  other  from  said  CPU; 

address  signals.  Therefore,  in  the  24-bit  mode,  input  output  means  coupled  to  provide  a  physical  address 

lines  LA24-LA31  are  disregarded  and  signals  LA2-  signal  to  address  said  main  memory; 

0-LA23  are  used  to  provide  the  decoding  for  general-  decoding  means  coupled  to  said  input  means  and  said 

ing  the  most  significant  12  bits  A20-A31  by  gates  81-91,  60  output  means  for  translating  said  CPU  address 

51-58  and  64-67.  signal; 

The  remaining  portion  of  circuit  20  is  not  required  for  switching  means  coupled  to  said  input  means  and  said 
the  remapping  described  above,  but  does  take  advan-  decoding  means  for  switching  in  said  decoding 
tage  of  the  32-bit  Une  from  the  CPU  10  to  provide  cer-  means,  wherein  during  a  first  mode  said  CPU  ad- 
tain  user  functions.  The  twelve  input  address  signals  63  dress  signal  has  a  first  bit  length  address  field  and  is 
LA20-LA31,  as  well  as  address  signals  LA14-LA19,  passed  through  to  provide  said  physical  address 
are  coupled  through  various  NOR  gates  92  and  the  signal  and  during  a  second  mode  said  decoding 
output  of  NOR  gates  92  are  coupled  to  a  five  input  means  is  switched  in  to  convert  said  CPU  address 
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signal  which  has  a  second  bit  length  address  Held  to  8.  The  MMU  defined  in  claim  7,  wherein  said  decod- 

said  physical  address  signal:  ">£  means  including  a  set  of  gate-arrayed  combinatorial 

wherein  two  equivalent  program  instnctions,  but  logic, 

each  having  different  bit  length  address  fields,  ac-  '•  The  MMU  defined  in  claim  8.  wherein  said  switch- 

cess  identical  areas  of  said  memory.  *   ""»  ".^*"  including  a  second  set  of  gate-arrayed  combi- 

2.  The  MMU  defined  in  claim  1.  wherein  a  portion  of  "*!^"?!J^?f:„,  .^..      ,.^..      .      . 

said  CPU  address  signal  is  coupled  to  said  decoding        .   *<>•  ^^  ^MU  defmed  m  clami  9  bemg  miplemented 

J      J      -*r      r     -J  >^TMT    J  J  -      1  •_        in  a  semiconductor  chip, 

means  and  s«d  poruon  of  said  CPU  address  «gnal  is  ,,   j^  ^  ^^  ^^  ^^^^  .^^^^^  ^  ^PU  ^^^ 

proc««d  by  said  decodmg  means  to  provide  said  phys-  ^^  g^^rating  a  32-bit  CPU  address  signal,  a  computer 

ical  address  signal.  ^^^  memory  being  accessed  by  a  32-bit  physical  ad- 

3.  The  MMU  defined  m  claim  2.  whcrem  said  portion  ^ress  signal,  and  a  Memory  Mapping  Unit  (MMU)  cou- 
of  said  CPU  address  signal  is  processed  to  provide  a  pi^  to  said  CPU  and  said  main  memory  for  accepting 
portion  of  said  physical  address  signal.  said  CPU  address  signal  and  providing  said  physical 

4.  The  MMU  defined  in  claim  3,  wherein  said  decod-  15  address  signal,  said  CPU  for  operating  programs  gener- 
ing  means  further  including  a  plurality  of  gates  to  pro-  ating  either  a  32-bit  address  or  a  24-bit  address,  said 
vide  combinatorial  logic  for  processing  said  CPU  ad-  MMU  comprising; 

dress  signal.  input  means  coupled  to  accept  said  CPU  address 

5.  The  MMU  defined  in  claim  4  being  implemented  in  signal; 

a  gate-array  semiconductor  chip.                                     20  output  means  coupled  to  provide  said  physical  ad- 

6.  In  a  computer  system  which  includes  a  CPU  for  ^ress  signal  to  address  said  main  memory; 
operating  on  a  program  which  provides  a  CPU  address  dccodmg  means  coupled  to  said  mput  means  and  said 
signal  having  a  first  bit  length  field  and  also  operating  *^"*P"*  "»«*^  ^o""  translating  a  24-bit  CPU  address 
on  another  program  which  provides  said  CPU  address  ««"^  ^  «  32.bit  physical  address  signal; 

signal  having  a  second  bit  length  field  which  length  is  ^      ^tchmg  means  coupled  to  «ud  mput  m«ms  and  said 

shoner  than  said  first  bit  length  field,  a  computer  main  decodmg  means  for  switchmg  m  said  decodmg 

,  ,  t_    .    ,     _,_,  ,  means  under  control  of  a  control  signal  from  said 

memory  bemg  accessed  by  a  physical  address  signal  ^p^.  ^h^^in  during  a  firet  mode  a  32-bit  CPU 

havmg  said  first  bit  length  field,  and  a  memory  mappmg  ^^^^  ^j^  -^    ^^^  ^^^^  ^^    ^^^^^  ^^ 

umt  (MMU)  coupled  to  said  CPU  and  said  mam  mem-  30  physical  address  and  during  a  second  mode  said 

ory  for  accepting  said  CPU  address  signal  and  provid-  decoding  means  is  switched  in  to  convert  said  24- 

ing  said  physical  address  signal,  sand  MMU  comprising:  t,it  CPU  address  to  said  32-bit  physical  address; 

input  means  coupled  to  accept  said  CPU  address  wherein  a  24-bit  physical  memory  space  is  mapped 

signal  from  said  CPU;  into  a  32-bit  physical  memory  space  during  said 

output  means  coupled  to  provide  said  physical  ad-  35  second  mode. 

dress  signal  to  address  said  main  memory;  12.  The  MMU  defined  in  claim  11,  wherein  twelve 

decoding  means  coupled  to  said  input  means  and  said  most  significant  bits  (MSBs)  of  said  32-bit  CPU  signal 
output  means  for  translating  said  second  bit  length  are  prx^essed  by  said  MMU  and  twenty  least  significant 
field  to  said  first  bit  length  field;  bits  (I/SBs)  of  said  32-bit  CPU  signal  are  coupled  di- 

switching  means  coupled  to  said  mput  means  and  said  ^  rccdy  to  provide  twenty  LSBs  of  said  physical  address 
decoding  means  and  under  control  of  a  control        signal 

signal  from  said  CPU;  wherein  during  a  first  mode  ^3.  The  MMU  defined  in  claim  12,  wherein  said  12 
said  CPU  address  signal,  having  a  first  bit  lenght  ^SBs  arc  passed  through  to  provide  12  MSBs  of  said 
field,  is  passed  through  to  provide  said  physical  P^y^'"^  *^^^^  ^'«^  '^^"f  said  first  mode;  but  di^- 
«Wress;  and  during  a  second  mode  when  said  CPU  «  "»«  "***  "^""^  .'"?***='  "fy  ^°^  ^'^  °^  «^^,  ^^  MSBs 
is  providing  a  second  bit  length  field,  said  decoding  «>ntam  address  mformation  and  said  four  bits  are  pro- 
y  «*ui»  .,T^  •  *  •"•»"■'"*"•  T7^  uc*-w^K  cc^ed  by  said  decodmg  means  to  generate  a  remapped 
means  is  switched  m  to  convert  said  second  bit        ,-  »*co_  -.r  „ :j  «i..„:r.i  .jj .-. • 


1     ^1.  ••  ij          -J  «      -■   .       .  *-  .^      ^-  *  ■  12  MSBs  of  said  physical  address  signal 

l»gth  field  to  said  first  bit  length  fiel<^  which  is  „  ^^  j^j^  ^^^^  ^  ^1^  ,3^  ^^^^  ^^  ^^ 

then  used  as  said  physical  address  signal  to  access  5^  ^.^^g  ^^^  ^  comprised  of  combinatorial  logic 

said  memory;  formed  using  gate-array  technology. 

wherem  remapping  of  said  CPU  address  signal  U  15.  The  MMU  defined  in  claim  14.  wherein  said 

achieved  during  said  second  mode.  switching  means  is  comprised  of  combinatorial  logic 

7.  The  MMU  defined  in  claim  6.  wherein  during  said  formed  using  gate-array  technology. 

second  mode,  a  portion  of  said  second  bit  length  field  is  55  16.  The  MMU  defined  in  claim  15  being  implemented 

processed  by  said  decoding  means  to  provide  said  phys-  in  a  semiconductor  chip. 

ical  address  signal  •    «    •    •    • 

60 
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ABSTRACT 


A  method  for  requesting  service  by  a  device  coupled  to 
a  host  computer  through  a  communication  medium. 
The  host  computer  sets  a  service  request  bit  of  the  de- 
vice to  a  first  logical  value  to  allow  the  device  to  pro- 
duce a  service  request  signal  if  the  device  requires  ser- 
vicing. The  device  determines  that  it  requires  servicing 
and  the  device  sets  an  internal  flag  bit  to  a  first  logical 
value  to  indicate  that  the  device  requires  servicing.  The 
device  monitors  a  command  from  the  host  computer  to 
see  if  the  command  is  addressed  to  the  device.  If  the 
command  is  not  addressed  to  the  device  £nd  if  the  ser- 
vice  request  bit  is  set  to  a  first  logical  va.'ue,  then  the 
device  generates  a  service  request  signal  on  the  meditmi 
after  the  command  by  holding  the  communication  me- 
dium  low  for  a  first  period  of  time.  If  the  command  is 
addressed  to  the  device,  if  the  device  determines  that 
the  command  is  not  a  command  that  services  the  device, 
and  if  the  service  request  bit  is  set  to  the  fu^t  logical 
value,  then  the  device  generates  a  service  request  signal 
on  the  mediiun  after  the  command  by  holding  the  me- 
diimi  low  for  the  first  period  of  time  and  performs  the 
command.  If  the  command  is  addressed  to  the  device,  if 
the  device  determines  that  the  command  is  not  a  com- 
mand that  services  the  device,  and  if  the  service  request 
bit  is  not  set  to  the  first  logical  value,  the  device  per- 
forms the  command  without  generating  the  service 
request  signal.  The  steps  including  and  following  the 
step  of  the  device  monitoring  a  command  from  the  host 
computer  are  repeated  until  the  device  receives  a  com- 
mand addressed  to  the  device  that  services  the  device. 


4  Claims,  4  Drawing  Sheets 
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Prior  art  networking  schemes  also  include  elaborate 
METHOD  FOR  REQUESTING  SERVICE  BY  A  methods  for  establishing  control  of  the  network  to 

DEVICE  WHICH  GENERATES  A  SERVICE  allow  a  device  to  transmit.  Such  systems  are  not  needed 

REQUEST  SIGNAL  SUCCESSIVELY  UNTIL  IT  IS         for  networking  of  peripheral  devices,  since  only  one  is 
SERVICED  5    generally  used  at  a  time.  In  addition,  prior  art  network- 

ing schemes  provide  for  means  for  attached  devices  to 
This  is  a  division  of  application  Ser.  No.  765396  filed        identify  themselves  to  each  other  through  elaborate 
Aug.  14,  1985.  "handshaking"  schemes.  Again,  such  complexity  is  not 

BACKGROUND  OF  THE  INVENTION  ,„  required  to  connect  peripheral  devices  since  there  is  no 

'*'  need  for  these  devices  to  identify  themselves  to  other 
I.  Field  of  the  Invention  devices,  only  to  the  host  computer. 

This  mvenuon  relates  the  field  of  commumcations  Therefore,  it  is  an  object  of  the  present  invention  to 

media  for  transfOTing  data  between  a  source  and  a  ^^^^^  ^  communications  medium  for  a  pluraUty  of 

plurahty  of  peripheral  devices  coupled  to  the  source.  Spheral  devices,  which  provides  a  simple  and  effi- 

More  particularly,  the  present  mvention  relates  to  dau  15  Smt  means  for  coupling  those  devices  to  a  host  com- 
transfer  along  a  peripheral  device  bus  between  a  plural-  *■     o 

ity  of  peripheral  devices  and  a  host  computer.  »*  -*     t  _^i.       i_-    *    *■  *i.       „    *  ■        ^      *      „ 

2  Art  Bkod  Itisa  further  object  of  the  present  mvention  to  pro- 

In  the  c'L^tog  industry,  it  is  quite  common  to  ^.'<»«  »  communication  medium  by  which  aU  such  pe- 

transfer  data  and  commands  between  a  plurality  of  data  20  "P^'"^  <»«"="  <=^  **  <^^P^^  »  »  »°*'  computer  at  a 

processing  devices,  such  as  for  example,  computers,  smglc  input.       ,        .  .         ^  ,  .        ^ 

printers,  memories  and  the  like.  The  interconnection  of  ^^  ^  ^tiU  another  object  of  the  present  mvention  of 

computers  and  other  peripheral  devices  principaUy  P^vide  a  commumcations  medium  which  provides  a 

developed  in  the  early  1970's  with  the  advent  of  com-  <n<»ns  for  peripheral  devices  to  indicate  a  need  for  ser- 

puter  networking  systems,  which  permitted  the  distri-  25  "cing  to  the  host  computer. 

bution  of  access  to  computing  resources  beyond  the  **  js  yet  another  object  of  the  present  invention  to 

immediate  proximity  of  a  main  frame  computer.  provide  a  communications  medium  which  provides  a 

Networks,  such  as  the  ARPA  network,  were  devel-  means  for  determining  if  the  communications  medium  is 

oped  to  provide  access  by  various  users  to  large  time-  in  use. 

sharing  systems  and  the  transfer  of  daU  between  such  30  It  is  another  object  of  the  present  invention  to  pro- 
systems.  In  the  case  of  geographically  local  networks,  vide  a  communications  medium  which  allows  periph- 
so-caled  "local  area  networks**  (LANs)  were  developed  eral  devices  to  be  added  during  operation  of  the  system, 
to  connect  together  a  collection  of  computers,  tenmnals  a  p  v  of  thp  TKVPxmnNr 
and  peripherals  located,  typically  in  the  same  buUding  SUMMARY  OF  THE  INVENTION 
or  adjacent  buildings,  and  permitted  each  of  these  de-  33  A  communications  medium  is  disclosed  including 
vices  to  communicate  among  themselves  or  with  de-  apparatus  and  methods  for  transferring  data  between  a 
vices  attached  to  other  networks.  Local  area  networks  plurality  of  peripheral  devices  and  a  host  computer.  In 
permit  the  implementation  of  distributed  computing.  In  the  preferred  embodiment,  a  plurality  of  peripheral 
other  words,  some  of  the  devices  coupled  to  the  local  devices  such  as  human  input  devices  (including  mice, 
area  network  may  be  dedicated  to  perform  specific  40  keyboards,  sketchpads,  etc.).  appliances,  listen  only 
functions,  such  as  file  storage,  data  base  management,  devices,  etc.,  are  coupled  to  a  common  cable  for  data 
terminal  handling,  and  so  on.  By  having  different  ma-  transmission  and  reception  of  commands.  A  peripheral 
chines  perform  different  tasks,  distributed  computing  device  coupled  to  the  cable  may  signal  the  host  com- 
can  make  the  implementation  of  the  system  simplier  and  puter  when  it  requires  servicing.  This  peripheral  device 
more  efficient.                                                                  45  ^^^  continue  to  request  service  until  the  host  computer 

Presently,  networking  has  only  been  appUed  to  pro-  commands  it  to  transmit  its  data.  All  peripheral  devices 

vide  communications  between  data  processing  devices,  ^^^^  ^^   ^^^^  ^       ^^^      ^j  keyboards),  may  have 

which  are  machme  mput  devices.  However,  it  woxdd  ^  -^^^^  ^^  ^^  ^^^^  used  as  an  identification 

also  be  useful  to  provide  a  nelworkmg  means  to  provide  ^^^^  j^  ^  ^^^^^^^  ^^  ^^^^  computer  can  identify 

commumcation  between  a  smgle  computer  and  a  plural-  50  the  generic  type  ofdevice  communicating  on  the  cable. 

ity  of  penpheral  devices  such  as  human  mput  devices,  ,-    °^^  *!.«-.« e  *i,-  „ *,«.-  «f  aJ^;^^  ;* ..«i-^ 

,.\.  ,     .     •  V  *     IT  -       *  J  If  more  than  one  of  the  same  type  of  device  is  coupled 

listen  only  devices,  appliances,  etc.  Human  mput  de-  ^    ^.        , .    ,         -^     •    \  ^i.    u    *      _.     *        -n       ■ 

vices  include  keyboards,  cursor  control  devices  (such  as  "^  **^*=jf**=  <*=•?'  ?  °"f  ^>'  '^^  *^*^f  ^"fP"^^  .**"  "^l^ 

a  "mouse"),  and  sketch  pads,  etc.  Listen  only  devices  "^"^^^'^  ^  *^^  '*^*^  "^*^"  ""^  ****=  ™*=^  "^  '^^^ 

include  transaction  logs,  etc.  In  the  prior  art.  such  de-  55  ^  be  differentiated. 

vices  are  attached  to  a  host  computer  through  a  port  »'» the  preferred  embodiment,  a  return  to  zero  modu- 

dedicated  to  each  device.  Often,  additional  "cards"  are  >a^o°  ^^^"^  is  used  to  transmit  daU  and  commands 

required  to  allow  a  peripheral  input  device  to  be  added.  o^^r  the  cable.  As  a  result,  a  penpheral  device  will 

Further,  the  addition  of  cards  requires  that  the  host  assume  a  collision  if  it  attempts  to  transmit  a  high  signal 

computer  be  powered  down,  with  no  mechanism  for  60  on  the  cable  and  the  cable  is  puUcd  low  by  another 

adding  peripheral  devices  to  a  live  system.  Such  prior  device.  In  order  to  simpUfy  the  protocol  of  the  system, 

art  systems  arc  inefficient  since  peripheral  devices  are  oniiy  the  computer  can  initiate  communication, 

not  generally  operated  simultaneously,  (for  example.  The  present  invention  permits  the  addition  of  periph- 

someone  using  a  mouse  is  generally  not  using  the  key-  eral  devices  to  a  computer  while  the  computer  is  in  use, 

board  or  sketchpad  at  the  same  time).  Thus,  the  devices  65  without  the  need  to  power  down  the  computer  system, 

should  share  a  common  line  to  the  host  computer  with-  The  present  invention  can  be  embodied  in  a  narrow 

out  creating  data  traffic  problems,  eliminating  the  need  band  medium,  as  well  as  broad  band,  fiber  optic,  infra- 

for  cards.  red  and  other  media. 
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puter  if  the  host  computer  sends  a  signal  to  that  appli- 
ance  which  matches  the  extended  address  of  the  appli- 
ance.  An  extended  address  is  an  individual  identification 
number,  which,  in  the  preferred  embodiment,  may  be 
up  to  64  bytes  long.  Once  the  host  computer  has  pro- 
vided the  extended  address,  the  device  Imving  that  ad- 
dress is  active.  Subsequent  commands  to  the  appliance 
address  location  will  be  executed  by  that  device  with- 
out the  need  for  providing  the  extended  address  each 
time.  An  activated  appliance  will  respond  to  all  com- 
mands to  the  appliance  address,  while  unactivated  de- 
vices remain  passive.  To  deactivate  an  active  extended 
address  device,  the  host  computer  provides  the  ex- 
tended address  of  another  extended  address  device, 
activating  it  and  deactivating  the  previously  active  de- 
vice. It  is  contemplated  that  any  device  which  would  be 
controlled  by  the  host  computer  is  suitable  for  the  pres- 
ent networking  scheme,  such  as  lights,  ovens,  sprinkler 
systems,  phone  answering  machines,  etc.  It  is  contem- 
plated that  at  least  one  other  hardwired  address  for 
extended  address  devices  be  provided  in  the  present 
system.  Such  an  address  would  be  used  for  system  pro- 
tection schemes  or  user  identification  schemes.  For 
example,  a  device  at  this  location  could  contain  an  ex- 


BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  block  diagram  illustrating  the  networking 
system  of  the  present  invention. 

FIG.  2  is  a  timing  diagram  illustrating  the  present   5 
invention's  use  of  return  to  zero  encoding. 

FIG.  3  illustrates  a  register  of  a  peripheral  device  of 
the  present  invention. 

FIG.  4  is  a  flow  chart  illustrating  the  sequence  of 
operations  utilized  by  a  peripheral  device  to  request  10 
service  by  the  host  computer. 

FIG.  5  is  a  flow  chart  illustrating  the  sequence  the 
operations  utilized  to  provide  new  addresses  to  devices 
sharing  the  same  hard-wired  address. 

FIG.  6  is  a  timing  diagram  illustrating  a  command  IS 
transaction  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 

A  peripheral  device  bus  including  apparatus  and  20 
methods  for  transferring  data  between  a  plurality  of 
peripheral  devices  coupled  to  a  host  computer  is  dis- 
closed. In  the  following  description  numerous  specific 
details  are  set  forth,  such  as  specific  numbers,  registers, 
addresses,  times,  signals,  and  formats,  etc.,  in  order  to  25  tended  address  which  must  be  provided  by  the  system 
provide  a  thorough  understanding  of  the  present  inven-  user  before  the  system  could  be  enabled.  In  other  in- 
tion.  However,  it  will  be  apparent  to  one  skilled  in  the  stances,  individual  operations  could  require  that  the 
art  that  the  present  invention  may  be  practiced  without  extended  address  of  other  security  devices  be  provided 
these  specific  details.  In  other  instances,  well-known  by  the  host  computer  prior  to  performance.  Such  secu- 
circuits  and  devices  are  shown  in  block  diagram  form  in  30  rity  devices  could  function  as  "keys"  to  lock  the  entire 
order  not  to  unnecessarily  obscure  the  present  inven-  system  or  certain  operations  performed  on  the  system, 
tion.  Also  reserved  for  use  on  the  network  of  the  present 

Referring  to  FIG.  1,  the  preferred  embodiment  of  the  invention  are  soft  address  locations  16.  Soft  address 
present  invention  may  be  seen.  A  plurality  of  peripheral  locations  are  reserved  for  duplicates  of  peripheral  de- 
devices,  generally  identified  by  numbers  11  through  16  35  vices  coupled  to  the  bus.  When  more  than  one  mouse  is 
are  coupled  through  a  single  cable  17  to  a  host  com-  coupled  to  the  bus,  for  example,  the  host  computer 
puter  10.  In  the  preferred  embodiment,  all  devices  com-  assigns  new  addresses  to  each  mouse,  those  addresses 
municate  with  the  host  computer  by  a  mini-phono  jack  being  at  the  soft  address  locations. 
with  the  following  connecter  assignments;  tip-power.  Although  specific  examples  have  been  given  for  each 

ring-data,  sleeve-power  return.  A  "high"  signal  (1)  is  40  type  of  device  coupled  to  the  bus.  there  may  be  more 
2.4  volts  minimum.  A  "low"  signal  (0)  is  0.8  volts  maxi-  than  one  kind  of  each  type  of  device  with  that  address, 
mum.  Although  a  single  cable  is  contemplated  in  the  For  example,  a  sketch  pad  has  been  given  as  an  absolute 
preferred  embodmient  of  the  present  invention,  other  device  but  a  touch  screen  would  also  be  considered  an 
communications  media,  such  as  broad  band  methods,  absolute  device  and  be  assigned  the  same  fixed  corn- 
fiber  optic  systems,  and  infrared  signals,  are  contem-  45  mand  address  as  the  sketch  pad.  In  those  situations,  the 
plated.  host  computer  will  assign  new  addresses  from  the  soft 

The  bus  of  the  present  invention  supports  coded  de-        address  locations  to  each  device, 
vices  (for  which  a  keystroke  represents  a  symbol  or  a  In  the  preferred  embodiment  of  the  present  invention, 

function,  such  as  a  keyboard  14),  relative  devices  (in  the  various  peripheral  devices  have  been  assigned  ad- 
which  movement  of  a  display  cursor  in  response  to  a  50  dresses  as  shown  below: 
control  device,  such  as  a  mouse  11  or  12,  may  be  from 
any  starting  point),  and  absolute  devices  (for  which 
there  is  a  constant  and  direct  relationship  between  dis- 
play position  and  device  position,  such  as  sketch  pad 
13).  55 

The  system  also  permits  the  networking  of  extended 
address  devices.  Extended  address  devices  share  a  com- 
mon hard  wired  address  35,  but  further  include  an  ad- 
dress unique  to  the  individual  device  which  the  host 
computer  must  recognize  before  the  device  can  be  ac-  60 
cessed.  For  example,  it  is  contemplated  that  appliances 
may  be  coupled  to  the  host  computer  and  controlled  by 
the  host  computer.  In  such  a  situation,  all  appliances 
would  have  an  identical  hardwired  fixed  address.  The 
host  computer,  on  a  first  level,  would  simply  address  63 
the  hard  wired  address  for  appliances.  At  this  time,  all 
appliances  coupled  to  that  address  are  inactive.  An 
individual  appliance  may  be  activated  by  the  host  com- 


Address 

Device  Types 

CWOO(zero) 

extended  address 

security  systems, 

device 

user  ID 

0001  (one) 

extended  address 
device 

appliances 

0010  (two) 

coded  devices 

keyboard 

0011  (three) 

relative  devices 

mouse,  track  ball 

0100  (foor) 

absolute  devices 

sketchpad, 
touchscreen 

0101  (five) 

reserved 

none 

OllO(nx) 

reserved 

ntme 

0111  (seven) 

reserved 

none 

1000  (eight) 

•oft  addressed 

duplicate  peripheral 

_ 

devices 

1111(15) 

soft  addressed 

duplicate  peripheral 
devices 
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It  will  appreciated  by  one  skilled  in  the  art  that  other 

addresses  may  be  assigned  to  these  devices  containing        comBoaa c^ 

more  or  less  bits  than  in  the  preferred  embodiment.        — ^ 


Fixed  hard-wired  addresses  31, 32, 33,  and  34  are  shown  ^J^  j^ 

in  FIG.  1  for  mouse  11,  mouse  12,  sketch  pad  13,  and   ^  j^  u 


keyboard  14,  respectively. 

All  peripheral  devices  have  four  renters  in  the  pre-  ^^  ^^  command  orders  the  addressed  device  to 
ferred  cmbodmient  to  receive  data  and  s«^d  data.  For  ^^^^  .^  ^^  ^^  ^^  ^^^  computer.  The  Usten  corn- 
each  device,  register  3  talk  and  rc^ster  3  listen  have  ^^^  ^^^^^  ^^^  addressed  device  to  accept  data  from 
status  mformation  such  as  device  address  and  handler  ^  ^^^  computer  and  place  it  in  one  of  its  registers. 
information.  The  rcmaimng  registers  are  daU  registere  ^^  ^^^^  command  has  an  effect  on  each  device  which 
which  are  device  specific  except  register  2  Usten  which  ^  ^^^^  ^^  ^^^  individual  device.  It  can  be  used  for 
contains  the  extended  addresses  for  extended  addrc^  ^^j^  functions  as  clearing  a  register  or  resetting  all  keys 
devices  or  device  specific  contents  for  soft  addressed  ^^  ^^  ^  keyboard  so  that  they  will  be  sent  again, 
devices.  When  a  peripheral  devices  is  addressed  to  talk,  it 

In  the  preferred  embodiment  of  the  present  mventoon.  ^^^  respond  within  a  certain  period,  called  the  *time 

there  are  three  types  of  communication  on  the  periph-  ^^^»  period.  The  time  out,  "Tit",  is  approximately  140 

cral  bu^  commands,  data  and  global  signals.  Commands  ^^  jeo  microseconds  (2  bit  ceUs).  The  selected  device,  if 

are  sent  from  the  host  computer  to  the  peripheral  de-  ^  j^  j^^  ^^^  ^^^  ^^^^  becomes  active  on  the  bus  and 

vices,  data  is  sent  from  the  host  computer  to  the  devices  performs  ite  data  transaction,  and  then  "untalks"  itself 

or  from  the  devices  to  the  host  computer,  and  global  j^^j  g^^g  inactive  on  the  bus. 

signals  are  special  messages  sent  to  the  entire  system.  Global  signals  are  used  for  transactions  which  are 

In  the  preferred  embodiment  data  is  encoded  as  the  neither  commands  nor  data  transactions.  Global  signals 

ratio  of  low  time  to  high  time  of  each  bit  cell.  A  bit  cell  25  include:  attention  and  synch,  which  is  used  to  signal  the 

boundary  is  defined  by  a  falling  edge  on  the  bus.  A  start  of  a  command  and  to  give  initial  bus  timing;  scr- 

"zero"  is  encoded  as  a  bit  cell  in  which  the  low  time  is  vice  request,  a  transaction  that  devices  use  to  signal  the 

greater  than  the  high  time.  This  is  shown  in  FIG.  2  by  host  that  they  require  service;  and  reset,  used  to  issue  a 

bit  cell  20.  Therefore,  a  "1"  is  defmed  as  a  bit  cell  in  break  on  the  bus  by  holding  the  bus  low  for  a  minimum 

whicli  the  low  time  is  less  than  the  high  time  as  shown  30  of  'Tres'*,  which  is  approximately  2.8  to  5.2  millisec- 

by  cell  21  of  FIG.  2.  In  the  present  preferred  embodi-  onds,  (40  bit  cells).  Global  signals  will  be  described  in 

ment,  a  start  bit  is  defmed  as  a  "1",  A  stop  bit  is  a  *'0"  more  detail  in  conjunction  with  other  transactions. 

which  does  not  have  an  additional  falling  edge  to  define  Since  a  peripheral  device  can  only  send  data  when  it 

the  bit  cell  time.  The  stop  bit  is  used  to  synchronize  the  has  been  commanded  to  talk  by  the  host  computer,  the 

stopping  of  transactions  on  the  bus.                                   35  present  system  provides  a  means  for  a  device  to  notify 

The  period  for  each  bit  cell  of  command  signals  and  the  host  computer  that  it  needs  servicmg.  This  is  accom- 

low  speed  data  transmission  is  approximately  100  mi-  plished  by  having  the  device  send  a  service  request 

croseconds  plus  or  minus  30%.  For  high  speed  data  signal  to  the  host  computer.  In  the  present  mvention.  a 

transmission,  the  bit  ceU  is  50  microseconds  plus  or  service  request  is  sent  by  holding  the  bus  low  after  the 

minus  \%.  The  format  of  a  data  transaction  is  a  start  bit  «  stop  bit  of  any  command  trMsaction.^h  of  the  pe- 

(1),  followed  by  up  to  256  bits  of  daU  and  ending  with  ripheral  devices  coupled  to  the  bus  mcludc  a  number  of 

a  stop  bit.  It  will  be  appreciated  that  when  other  com-  "^I^^V'i"'  '^^  ^'"f  7^"^  '"^^T,  /L"^nhfrl?S* 

muniLtioi.mediaareutUized,othersignalingmeth^  ^^:l^Z'Z^''^:^^ 

"-^..e^^^^  « ;ssrt^L^de^Ti;^^^^^^ 

embodiment  of  the  P«^;^t«iv«ntion.  there  are  Aree  ^  ^it  of  a  command  transaction,  as  shown  in  FIG.  6. 

commands;  talk,  listen,  and  fiush  As  shown  m  FIG.  6.  ^^^  ^^^^  ^^^  ^^^^  ^  ^^^-^^  ^jj,  ^^  ^^^^^_ 

to  signal  the  start  of  a  command,  an  attrauon  pulse  is  ^^.^^  ^^^  .^  ^^.^^  ^  ^^  command  from  the 

sent  out.  An  attention  pulse  is  generated  by  the  host  ^  host.  The  fiow  chart  in  FIG.  4  shows  the  steps  foUowed 

computer  by  transmitting  a  bus  low  for  a  period  of  ^    ^  ^^-^  requiring  service. 

"T-attn".  In  the  preferred  embodunent.  T-attn  is  ap-  initiaUy  the  device  detennines  if  it  requires  servicing, 

proximately    560-1040    microseconds-    The    attention  ^^^^  ^^  ^^^  is.  if  it  has  data  to  send  to  the  host.  If  it 

pulse  is  followed  by  a  synch  pulse  to  give  the  initial  bus  ^^^^  j^  ^^^  ^  internal  flag  bit,  Block  42.  When  the  next 

timing.  The  following  edge  of  the  synch  pulse  is  used  as  55  command  is  sent  out  from  the  host.  Block  43,  the  device 

a  timing  reference  for  the  first  bit  of  the  command.  The  checks  to  see  if  the  command  is  addressed  to  the  device, 

command  is  followed  by  a  stop  bit,  (in  the  preferred  Block  44.  If  the  command  was  not  adddressed  to  the 

embodiment  a  **0'*).  After  the  stop  bit.  the  bus  returns  to  device  Branch  45,  the  device  checks  to  see  if  its  service 

its  normally  high  state  unless  a  device  requests  service.  request  enable  bit,  (bit  A13  of  register  3).  is  set  high. 

The  command  is  an  8  bit  value  in  the  preferred  em-  ^o  Block  47.  If  so,  Branch  48,  it  holds  the  bus  low  after  the 

bodiment.  The  command  includes  a  4  bit  device  address  corojnand  stop  bit.  Block  50.  (See  FIG.  €)  The  device 

field  which  specifies  the  fixed  hardwired  address  of  the  then  waits  until  the  next  command  is  received  from  the 

desired  peripheral  device  (e.g.,  001 1  for  a  mouse).  The  host  to  see  if  it  will  be  addressed  to  talk,  Block  43.  If  the 

next  2  bits  form  the  command  and  the  final  2  bits  form  command  is  addressed  to  the  device.  Branch  46,  the 

a  register  address  field  which  allows  a  specific  register,  65  device  determines  if  it  is  a  command  to  talk,  Block  51. 

R0-R3  within  an  addressed  peripheral  device  to  be  If  it  is  not  a  command  to  talk.  Branch  52  the  device 

specified.  In  the  preferred  embodiment,  the  commands  sends  a  service  request.  Block  57,  performs  whatever 

have  the  following  bit  code:  command  is  instructed.  Block  58,  and  awaits  the  next 
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command.  Block  43.  If  the  command  is  to  talk,  Branch  request  enable  which  is  set  by  the  host  to  enable  the 

53,  the  device  sends  its  data.  Block  59,  and  considers  its  device  to  perfonn  a  service  request  transaction.  Bits 

service  request  to  be  satisfied.  Block  60.  The  device  A14  36  and  A15  37  are  reserved  for  future  use  and  are 

continues  to  monitor  itself  to  determine  when  it  needs  set  to  0. 

service,  Block  41.  By  allowing  the  host  computer  to  3  When  a  device  receives  a  talk  R3  command  the  de- 
control the  service  request  enable  bit,  more  efficient  vice  provides  its  status  (handler  and  address)  to  the  host 
operation  of  the  bus  is  realized.  When  a  service  request  computer.  If  there  are  two  devices  of  the  same  type 
is  received,  the  host  computer  need  only  ask  those  de-  coupled  to  the  bus,  only  one  can  respond  since  the  other 
vices  whose  service  request  bit  was  enabled  whether  will  detect  a  collision.  FIG.  5  shows  the  method  of 
they  need  servicing.  Additionally,  the  host  computer  10  assigning  new  addresses  on  the  bus. 
can  disable  certain  devices  that  are  not  required  for  After  receiving  a  talk  R3  signal,  Block  101,  the  device 
particular  apphcations.  sends  its  status  from  Register  3.  If  the  line  goes  low,  the 
When  sending  data,  the  device  is  able  to  detect  colli-  device  determines  that  there  has  been  a  collision, 
sions.  If  a  peripheral  device  tries  to  output  a  1  and  the  Branch  104,  it  stops  sending  (untalks  itsetO  and  sets  and 
data  line  is  or  goes  to  a  0,  the  device  assumes  it  has  lost  15  internal  flag  bit  to  indicate  a  collision,  Block  106.  The 
a  collision  to  another  device.  This  means  that  another  ^ost  sends  a  listen  R3  to  the  mouse  address.  Block  107. 
device  is  also  sending  on  the  bus.  When  this  happens  the  g^^  commend  resets  the  internal  collision  flag  of  the 
losing  device  untalks  itself  from  the  bus  and  preserves  ^^^^  j^ic  device  checks  to  see  if  its  collision  bit  is  set, 
the  data  which  was  bemg  sent  for  retransmission.  The  ^^^^  j(j8.  If  the  collision  bit  is  not  set.  Branch  109,  the 
device  sets  an  internal  flag  bit  ifit  loses  a  collision.  Prior  20  ^^^^  ^y^  ^g  ^^^^^  ^^j  ^^  ^^  ^^  ^^^ 
m  periphery  devices  w^e  unable  to  detect  colhsons.  „^ded  by  the  listen  R3  command.  Block  111.  In  this 
This  novel  feature  of  the  present  mvention  permits  ^^^^^^  ^^  ^^^^  ^f  ^^^  ^^^^^^  ^^^^  -^  ^^^ 
more  efficient  operation  of  the  communK^tions  me-  ^^  ^j,^  ^^^  computer  keeping  track  of  the  new  ad- 
dium.  By  haymg  the  device  sense  a  coU^ion,  it  can  ^^  ^^  ^j^^  ^^^^^  If  a  collision  bit  is  detected  by  the 
preserve  the  data  that  is  transmitted  and  mthcate  to  Ac  25  ^^^  ^^^^  ^  j^^^^  ^  command.  Branch  110,  the  de- 
host  computer  that  it  reqmn^servmg.  AddmomiUy  the  ^  ^^  ^^^  ^^  ^^  ^f^  ^^^^^  ^.  ^^^ 
coUision  detection  scheme  of  the  present  mvention  does  ^           ^^^^^  j.^,^^  .^  ^  ^^  ^^^^  ^^^          ^^  ^^^ 

not  require  a  waitmg  period  before  a  collision  is  as-  .if     .  n    t>*                 jr.        u  *m  *      —  -r 

,^  .    .              .,f  ^.  -»*___■■       r*!.    r       „  another  talk  R3  command.  Branch  101  to  see  if  any 

sumed.  A  device  will  end  its  transmission  if  the  line  is  ,     .               •      .  .u                  jj         t    *u-     ■*.   .-1 

modulated  by  another  device  or  simply  not  begin  its  30  '^^"^  '^"^  ^'  '^^  "^n"^  f         Jl'^l^'T^^ 

transmission  if  the  line  is  already  in  use.  Further,  this  '^^  remammg  mouse  wdl  send  i^  start  bit.  Block  102, 

collision  detection  scheme  is  useful  in  locating  multiple  ?°*  ^<=^*^*  ^  f  «f  "l!'.?,'^^  l^^'  "^"^  "^"^  '^if "^  "! 

devices  at  a  single  hardwired  address  location,  such  as  f™"  register  3.  Block  112  The  host  computer  wdl  send 

mouse  11  and  mouse  12  of  FIG  1  ^^^  *  '**^^"  ^^  command  to  the  mouse  address.  Block 

In  such  a  situation,  the  host  wiU  change  the  address  of  35  J*".  The  remaining  mouse  will  not  detect  a  collision  bit 

the  devices  by  forcing  a  collision  of  devices  sharing  the  ^«^«  ^et  m  this  mstance,  Branch  109  so  it  will  change 

same  address.  The  host  achieves  this  by  issuing  a  talk  R3  ^'^  ^^  ^^°"g^  ^1^  °^  ^^S^^^  3j°  ^^^  softaddress 

command  addressed  to  those  devices.  As  shown  in  FIG.  received  from  the  host  computer.  Block  111.  The  host 

3.  Register  3  22  (one  of  the  registers  of  the  device)  computer  then  sends  out  pother  talk  R3  command  to 

contains  the  foUowing  information.  Bits  AO  through  A7  40  ^he  mouse  address.  Block  101.  This  time,  smce  no  mouse 

31  contain  a  device  handler  which  teUs  the  host  com-  remains  at  that  address,  the  bus  is  timed  out  and  the  host 

puter  the  function  of  a  device  and  the  use  of  data  pro-  computer  knows  that  it  has  assigned  new  addresses  to 

vided  by  the  device.  Bits  A8  through  All  32  are  an  each  of  the  mice  sfaarmg  the  mouse  address, 

address  field  which  can  be  changed  when  more  than  ^  one  embodunent  of  the  present  mvention,  penph- 

one  device,  having  the  same  command  address,  is  cou-  43  eral  devices  have  a  device  on  them  to  indicate  activity 

pled  to  the  bus.  In  that  situation,  one  of  the  soft  address  called  the  activator.  The  activator  can  be  a  special  key 

locations  are  assigned  to  bits  A8  through  All  32  which  on  a  keyboard  or  a  button  on  a  mouse.  When  more  than 

tiien  serve  as  the  command  address  for  that  device.  one  of  a  device  U  coupled  to  the  bus,  the  host  computer 

Until  that  time,  those  bit  locations  contain  a  random  can  display  a  message  requesting  one  of  the  devices  to 

number  which  aids  in  the  detection  of  collisions.  For  50  use  the  activator.  The  host  can  then  issue  a  Usten  R3 

example,  if  two  mice  received  a  talk  R3  command  and  command  which  will  change  the  address  of  the  device 

both  began  talking  at  the  same  time,  neither  would  which  is  activated.  In  this  manner  individual  devices 

detect  a  collision.  However,  by  having  random  numbers  can  be  located  and  assigned  new  addresses  in  multiuser 

in  the  address  field  32  of  register  3  22,  the  output  of  Uie  applications. 

two  devices  will  eventually  differ.  When  that  occurs,  55  Thus,  a  peripheral  device  bus  has  been  described 

one  of  the  devices  will  detect  a  collision  and  stop  talk-  which  allows  a  plurality  of  peripheral  devices  to  be 

ing.  Bit  A12  34  is  a  high  speed  enable  bit  which  if  set.  coupled  to  a  host  computer  through  a  single  port 

provides  for  data  transmission  at  the  higher  modulation  We  claim: 

rate  (50  microseconds  per  bit  frame).  The  high  speed  1.  A  method  for  requesting  service  by  a  device  cou- 

enable  bit  is  set  by  the  host  computer.  If  the  host  com-  60  pled  to  a  host  computer  through  a  communication  me- 

puter  is  unable  to  receive  data  at  the  higher  modulation  diuxn,  comprising  the  steps  of: 

rate,  it  sets  the  high  speed  enable  bit  low  in  each  of  the  (1)  the  host  computer  setting  a  service  request  hit  of 
devices.  If  the  host  computer  is  able  to  accept  data  at  the  device  to  a  first  logical  value  to  allow  the  de- 
the  higher  modulation  rate,  and  the  device  is  able  to  vice  to  produce  a  service  request  signal  if  the  de- 
transmit  at  the  higher  rate,  (that  mformation  being  con-  65  vice  requires  servicing 

tained  in  the  handler  bits  31  of  register  3),  the  host  (2)  the  device  determining  that  it  requires  servicing 

computer  sets  the  high  speed  enable  bit  31  high  for  the  and  setting  an  internal  flag  bit  to  a  first  logical 

device.  As  previously  mentioned,  bit  A13  35  is  service  value  to  indicate  that  the  device  requires  servicing; 
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(3)  the  device  monitormg  a  command  from  the  host 
computer  to  see  if  the  command  is  addressed  to  the 
device; 

(4)  if  the  command  is  not  addressed  to  the  device  and 
if  the  service  request  bit  is  set  to  the  first  logical 
value,  then  the  device  generating  a  service  request 
signal  on  the  medium  after  the  command  by  hold- 
ing the  communication  medium  low  for  a  first  per- 
iod of  time; 

(5)  if  the  command  is  addressed  to  the  device,  if  the 
device  determines  that  the  conunand  is  not  a  com- 
mand that  services  the  device,  and  if  the  service 
request  bit  is  set  to  the  first  logical  value,  then  the 
device: 

(a)  generating  the  service  request  signal  on  the 
medium  after  the  command  by  holding  the  me- 
dium low  for  the  first  period  of  time  and 

(b)  performing  the  command; 


10 


13 


(6)  if  the  command  is  addressed  to  the  device,  if  the 
device  determines  that  the  command  is  not  a  com- 
mand that  services  the  device,  and  if  the  service 
request  bit  is  not  set  to  the  first  logical  value,  then 
the  device  performing  the  command  without  gen- 
erating the  service  request  signal; 

(7)  repeating  steps  3,  4,  S,  and  6  until  the  device  re- 
ceives a  command  addressed  to  the  device  that 
services  the  device. 

2.  The  method  of  claim  1  for  requesting  service, 
wherein  the  first  logical  value  is  a  logical  one. 

3.  The  method  of  claim  1  for  requesting  service, 
wherein  the  command  that  services  the  device  is  a  talk 
command  addressed  to  the  device. 

4.  The  method  of  claim  1  for  requesting  service,  com- 
prising the  additional  step  of  the  device  sending  its  data 
to  the  host  computer  after  receiving  the  talk  command 
addressed  to  the  device. 
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ABSTRACT 


A  video  card  using  VRAMs  for  a  computer  which 
mcludes  a  CPU  and  main  memory.  The  VRAM  ad- 
dresses are  generated  in  a  manner  making  it  unnecessary 
to  have  an  integer  number  of  scan  lines  per  memory 
row.  A  counter  keeps  track  of  the  shift  register  position 
in  the  VRAMs  and  a  new  row  address  is  generated  in 
hardware  independent  of  the  scan  line.  A  look-ahead 
feature  detects  the  approaching  end  of  the  shift  register 
data  and  initiates  a  timing  sequence  to  reload  the  shift 
register. 

12  Claims,  5  Drawing  Sheds 
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ire  described  in  more  detail  in  the  following  descrip- 
VIDEO  APPARATUS  EMPLOYING  VKAMS  tion. 


BACKGROUND  OF  THE  INVENTION 


BRIEF  DESCRIPTION  OF  THE  DRAWINGS 


c-  1 J    r  u    T          •                                                   '  ^^*  *  **  *  block  diagram  of  the  video  section  (video 

1.  Field  of  the  Invention  card)  embodying  the  present  invention  in  its  presently 
-niemventionreUtestothefieldoffrainebuffersfor  ^^^^^  embodiment  and  also  illustrates  the  card^s 

video  displays  and  more  parucular.  to  addrcssmg  mcch-  ^     ^^    ^^  ^  computer  through  a  NuBus  interface  cir- 

amsms  for  frame  buffers.  ^^ 

2.  Prior  Art                                         * , ,  .  .        v.    W  FIG.  2  is  a  block  diagram  of  the  frame  buffer  and 
Video  random-access  memories  (VRAMs)  have  be-  controller  of  FIG  1 

come  commerciaUy  available  in  recent  years  for  use  pio.  3  is  a  partial  block  diagram  of  the  controUer  of 

with  video  displays.  These  devices  mclude  a  memory  pjQ  j. 

array  for  storing  pixel  data  and  a  shift  register  both  ^^  ^-^^  ^^^^^  diagram  of  a  portion  of  the  bus 

fonned  on  the  same  substrate.  A  row  address  is  used  to  ,,  interface  circuit  of  FIG.  3. 

transfer  data  to  the  shift  register.  A  column  address  is  pjQ   ^^^  dctaUed  block  diagram  of  the  address 

then  used  to  identify  a  starting  location  m  the  shift  regis-  genciation  means  used  in  the  presently  preferred  em- 

ter  from  which  data  is  read  out  Shift  register  operations  go^unent  of  the  invention. 

can  occur  asynchronously  with  array  accesses.  Typi-  pjQ  ^^^ diagram  used  to  explain  the  operation  of 

cally.  the  datt  is  shifted  out  of  the  shift  register  at  a  jq  the  address  generation  means  of  FIG.  5. 

much  faster  rate  than  that  associated  with  dynamic 

RAM  accessing.  DETAILED  DESCRIPTION  OF  THE 

In  many  applications,  there  is  an  integer  number  of  INVENTION 
scan  lines  dispUyed  per  row  line  in  the  memory.  That  is,  A  video  apparatus  having  an  array  of  VRAMs  for  use 
a  shift  integer  is  not  emptied  midway  m  a  scan  line.  25  in  a  computer  which  computer  includes  a  central  pro- 
There  are  timing  and  other  problems  if  this  correlation  cessing  unit  (CPU)  and  main  memory  is  described.  In 
is  not  maintained.  the  following  description,  numerous  specific  details  are 

The  present  invention  provides  circuitry  for  address-  ^^t  forth  such  as  specific  number  of  bits,  etc.,  in  order  to 

ing  the  VRAMs  while  allowing  a  non-integer  or  integer  provide  a  thorough  understanding  of  the  presec  t  inven- 

numbcr  of  scan  lines  per  row  of  video  memory.  Among  jq  jion.  It  will  be  obvious,  however,  to  one  skilled  in  the 

the  features  provided  by  the  present  invention  is  a  art  that  the  present  invention  may  be  practiced  without 

lookahead  mechanism  used  to  initiate  a  memory  cycle  these  details.  In  other  instances,  well-known  circuits 

before  the  shift  register  is  emptied.  This  permits  the  shift  ^^  timing  has  not  been  described  in  detail  in  order  not 

register  to  become  empty  in  the  middle  of  a  scan  line  to  unnecessarily  obscure  the  invention. 
and  to  be  reloaded  m  time  to  continue  the  scan.             33 


SUMMAJIY  OF  THE  INVENTION 


OVERVIEW  OF  THE  COMPUTER 


The  video  apparatus  of  the  present  invention  is  real- 
A  video  apparatus  (sometimes  hereinafter  referred  to  j^ed  as  a  video  card  which  is  msertcd  into  the  mother- 
as  the  video  section  or  video  card)  for  providing  video  board  of  a  computer.  The  computer,  as  shown  in  FIG. 
data  from  an  array  of  VRAMs  for  a  display  for  a  com-  40  1,  includes  a  CPU  10  which  is  a  commercially  available 
puter  is  described.  An  interface  means  is  used  for  inter-  68020  microprocessor.  The  CPU  communicates  with  a 
facing  between  the  video  section  and  the  central  pro-  main  memory,  RAM  11,  over  a  bus  12.  The  bus  12  is  a 
cessing  unit  (CPU)  of  the  computer.  The  pixel  data  standard  bus  structure  using  the  protocol  associated 
stored  in  the  VRAMs  is  addressed  by  an  address  gencr-  with  the  68020  microprocessor.  For  instance,  the  ad- 
ator  which  is  coupled  between  the  interface  means  and  45  dress  and  data  signals  are  transferred  over  separate 
the  VRAMs.  The  address  generator  includes  a  row  lines,  that  is,  they  are  not  multiplexed  over  common 
address  storage  means  and  column  address  storage  lines.  The  computer  includes  a  plurality  of  slots  into 
means  which  store  a  row  and  column  address,  respec-  which  cards  are  inserted.  These  slots  are  coupled  to  a 
lively.  A  column  counter  is  coupled  to  receive  the  col-  NUBUS  bus  14  ("NUBUS*'  is  a  trademark  of  Texas 
umn  address  and  is  clocked  in  synchronous  with  the  30  Instruments  Incorporated).  The  NUBUS  interface  cir- 
pixel  clock  rate  (more  speciflcaUy.  at  the  rate  data  is  cuit  13  provides  the  interface  between  the  68020  bus  12 
shifted  from  the  shift  register  of  the  VRAMs).  A  row  and  NUBUS.  (By  way  of  example,  the  interface  circuit 
address  counter  is  coupled  to  receive  the  row  address.  13  includes  multiplexing/demultiplexing  means  since  on 
The  addressing  means  includes  a  control  means  which  the  NUBUS  the  data  and  address  signals  are  multi- 
causes  the  row  counter  to  increment  when  the  column  55  plexed.)  The  video  card  15,  as  mentioned,  engages  one 
counter  reaches  a  predetermined  count  (e.g.,  256  where  of  the  slots  in  the  computer  and  communicates  with  the 
the  shift  register  has  256  sUges).  As  this  occurs  the  NUBUS  14.  The  outputs  from  the  card  15  include  the 
column  count  is  returned  to  zero,  allowing  the  next  full  standard  red,  green,  blue  (RGB)  signals  which  are  cou- 
row  in  the  VRAM  array  to  be  used  for  the  display.  pled  to  a  video  monitor  to  provide  a  color  display. 

Additionally,  in  the  preferred  embodiment  a  signal  is  60  Numerous  drcuits  associated  with  the  computer  of 
generated  before  the  shift  register  is  emptied.  This  sig-  the  Figures  such  as  a  ROM  which  stores  systems  pro- 
nal  is  generated  by  keeping  track  of  the  amount  of  pixel  grams  are  not  illustrated.  Other  aspects  of  the  computer 
data  remaining  in  the  shift  register.  This  look^ead  are  disclosed  in  copending  applications  entitled  MEM- 
feature  is  used  to  initate  a  time  sequence  for  data  trans-  ORY  MAPPING  UNIT,  Ser.  No.  015,907,  Fded 
fer  from  the  memory  locations  of  the  VRAMs  into  the  65  2/18/87,  U.S.  Pat  No.  4,774,652;  A  COMPUTER 
VRAM  shift  registers.  WITH  EXPANSION  SLOTS  FOR  CARDS,  Ser.  No. 
Other  features  of  the  present  invention  such  as  the  025,499.  FUed  3/13/87;  CARD  FOR  COMPUTER 
video  section's  compatibiHty  with  two  different  buses  WITH  EXPANSION  SLOTS,  Ser.  No.  023.500.  Filed 
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3/13/87;  METHOD  AND  APPARATUS  FOR  DE-        are  in  some  case  ROMs,  The  particular  CLT  used  in 
TERMINING  AVAILABLE  MEMORY  SIZE,  Scr.        circuit  23  is  a  RAM  which  is  written  into  the  data  bus.  . 
No.  027.005.  FUed  3/17/87.  now  abaxdcm^  all  as.  OVERVIEW  OF  THE  FRAME  BUFFER  AND 

signed  to  the  assignee  of  the  present  invention.  ^  rv-iWTT>r»i  r  co 

The  computer  of  FIG.  1  with  its  slots  provides  an   5  ijuw  i  kuli-ck. 

**open  architecture*'  version  of  the  Apple  Macintosh  As  shown  in  FIG.  2.  the  frame  buffer  and  controller 

computer.  Moreover,  the  68020  provides  enhanced  includes  the  controller  25  and  two  banks  of  RAM. 
processing  capabiUties  over  earlier  versions  of  this  com-  RAM  array  26  (bank  0)  and  RAM  array  27  (bank  1). 
puter.  The  video  card  15  provides  a  color  video  signal  Jhe  arrays  26  and  27  store  the  pixel  data  for  the  display 
as  opposed  to  the  non-color  video  on  the  earlier  ver-  10  and  this  data  is  sent  to  the  color  lookup  table  at  the  pixel 
sions  of  this  computer.  dock  rate  (up  to  8  bits  in  parallel)  over  bus  33.  As  cur- 

VIDEOCARD  rcntly  implemented,  the  display  comprises  640x480 

pixels  with  a  pixel  clock  rate  of  30.24  mHz.  The  pixel 

The  major  elements  of  the  video  card  15  shown  in  ^jau  is  read  from  the  arrays  through  bus  24  (32  bits  from 
FIG.  1  are  the  NUBUS  interface  circuit  20,  card  timing  15  the  selected  array)  and  then  clocked  out  on  bus  33  at 
circuit  2t  frame  buffer  and  controller  22  and  the  video  ^f^„  1,  2, 4  or  8  bits  per  pixel  The  data  is  loaded  into 
output  circuit  23.  The  present  appUcation  focuses  the  arrays  directly  from  the  data  bus  29.  The  addresses 
mainly  on  the  frame  buffer  and  controUcr  22  ancc  the  for  the  arrays  are  genermted  within  the  controller  25  and 
present  invention  for  the  most  part  resides  there.  The  coupled  to  the  arrays  via  the  bus  28. 
circuits  20.  21  and  23  are  discussed  only  in  general  20  j^e  frame  buffer  controUcr  25  is  described  in  more 
tems,  mainly  to  show  the  environment  m  which  the  ^^^^  -^  conjunction  with  FIGS.  3  and  4.  The  control- 
present  invOTtion  is  used.    ,  ..     •     _t  '"  receives  a  reset  signal.'the  pixel  clock  (PDC  CLK).  a 

The  NUBUS  mtcrfacc  ^x^t  M  provides  interface  ^0  mHz  timing  signal,  a  physical  address  strobe  (PAS), 
between  the  computer  NUBUS  14  and  the  vidw  card  ^j,^  ^^q  ^  -j^j  ^-^  ^  ^^t^^I  ^^^^  ^j  ^  ^^  ^ 
15.  The  data  and  address  si^  are  buffered  within  the  25  ^^^  ^j^  ^^  ^^  ^^^  jj^  D24-D31  are  cou- 
cn-cmt  20.  WcU-known^g  signals  and  control  sig-  pied  to  the  controUer  and  are  used  to  load  control  regis- 
nals  associated  with  the  NUBUS  are  also  coupled  to  the  ^  ^  ^^  acknowledge  sigmU  (DT  ACK)  is  provided 
card  through  *«  ^^  ?«*^These  aresho^^  asUje  controUcr  as  pa^  of  the  data  transfer  protocol, 

wnte  output  enabte  OVROE).  R^^t.  TMO  and  TMl  ^  ^  ^^  described  ^etaU  in  conjunction  ^th  FIG. 
?J^^''^r,P^^-'^^r    r;  start  and  Bus  30  interfacing  with  either  the 

H^^?" T  T ^^h  Tr^Z^^JT.  NUBUS  or  a  68026bS.  TTie  signal  on  line  34 indicates 
and  address  buses.  The  data  bus  is  coupled  both  to  the  .■  i_    <•  .l    ^      i.  i  j  .    .i.  *  ^ti  - 

frame  buffer  and  controller  22  and  the  video  output  ^^'^^  °^  ^f  '^^  ^^^  ^"""f^  ^^^    iStmnQ 

circuit  23.  The  address  bus  is  coupled  through  the  card  ^^^^^^^^  employed  and  shown,  the  NyBUS  ^ 

timing  circuit  21  to  the  frame  buffer  and  controUer  22.  35  f^->  The  controUer  25  also  receives  a  19  bit  address 

The  NUBUS  interface  circuit  20  is  constructed  using  "«1^  C®'**  ^^^  °^  «^?«^>:                       ^    ^^ 

weU-known  components  and  its  construction  is  not  In  addition  to  the  pixel  data  output  and  addresses,  the 

critical  to  the  presem  invention.  controUer  provides  the  control  si^s  for  the  arrays  26 

The  card  timing  circuit  21  performs  card  level  timing.  ^^  27.  Standard  row  addre^  strobe  (RAS)  signals  ^d 

The  video  timing  used  with  the  present  invention  is  40  column  address  strobe  (CAS)  signals  are  provided  for 

generated  withm  the  frame  buffer  and  controUer  22  and  ^^h  arrays.  RASO  mdicates  the  row  address  strobe  for 

is  described  later  in  the  application.  This  card  level  bank  0  and  RASl  is  used  to  mdicate  the  row  address 

timing  is  not  unique  to  the  present  invention  and  weU-  ^^^  for  ^»^  *•  Similar  *ir  and  M    designations  are 

known  timing  circuits  may  be  used.  The  card  timing  used   for   other  control   signals.   The   DTOEO   and 

circuit  21  receives  the  slot  identification  lines  for  use  in  45  DTOEl  signals  are  standard  video  RAM  signals  (data 

a  decoder  to  generate  a  select  signal.  Other  signals  re-  transfer  output  enable)  which  cause  the  loadmg  of  the 

ccived  by  this  circuit  21  include:  Start,  Bus  CLK,  Reset.  shift  register  in  the  video  RAM).  The  WENO-3  Unes  (4 

ACK,    TMO,   TMl,    IRQ,    vertical    synchronization  lines)  are  coupled  to  both  arrays  for  byte  lane  selection 

(VSYNQ  and  WROE.  In  its  currently  preferred  cm-  when  dau  is  read  into  the  arrays  from  the  bus  29.  SCO 

bodiment.  the  card  timing  circuit  is  fabricated  from  50  is  the  serial  clock  signal  which  is  coupled  to  both  arrays, 

three  programmable  array  logic  integrated  circuits.  SOEO  and  SOEl  are  the  serial  output  enables,  one  for 

Also  included  as  part  of  circuit  21  is  a  configuration  cac^  of  the  banks. 

ROM  which  provides  configuration  information  for  the  AdditionaUy,  the  controUer  provides  standard  timing 

video  card.  signals,  specificaUy,  the  pixel  clock,  horizontal  synchro- 

The  frame  buffer  and  controUer  22  is  described  in  55  nization   (H   SYNCH),   vertical   synchronization   (V 

detaU  beginnmg  with  FIG.  2.  In  general,  it  provides  the  SYNCH),  composite  synchronization  (C  SYNCH),  and 

video  timing  and  RAM  timing  for  the  video  RAMs,  composite  blanking  (C  BLANK), 

memory  control,  RAM  address  generation  and  digital  Each  array  in  the  currently  preferred  embodiment 

pixel  daU  generation.  Specific  inputs  to  the  frame  buffer  comprises  8  commerciaUy  avaUable  video  RAMs,  spe- 

and  controller  22  are  set  forth  in  subsequent  figures.      60  cificaUy  NEC  Part  No.  41264.  Each  of  these  "chips" 

The  video  output  circuit  23  includes  a  color  lookup  includes  an  array  organization  of  256  rows  (IK  bits  per 

table  (CLT).  Such  tables  are  wcU-known  in  the  art  and,  row)  and  a  shift  register  with  256  stages  (4  bits  per 

for  instance,  receive  a  code  (e.g.,  8  bits  of  pixel  daU)  stage).  Therefore,  each  16-bit  address  (8  row  address 

and  provide  a  digital  signal  representing  a  predeter-  signals  and  8  column  address  signals  multiplexed  on  bus    ' 

mined  color,  for  example,  8  bits  representing  red,  8  bits  63  28)  selects  one  of  the  rows  in  each  of  the  video  RAMs 

representing  green,  and  8  bits  representing  blue.  These  and  aUows  thetransferof256x4bits  into  the  shift  regis- 

digital  signals  are  then  converted  to  analog  signals  and  ter  of  each  RAM.  The  SOEO  and  SOEl  signals  permits 

used  to  drive  a  color  monitor.  These  color  lookup  tables  the  selection  of  either  array  26  or  27,  and  each  array  is    . 

"APPLE_PAT_4_884_069_08"  365  KB  2000-02-22  dpi:  300h  x  300v  pix:  1948h  x  2964v 

David  T  Craig    *    21  February  2004  |  Page  0373  of  051  s" 


Apple  Computer  Selected  Patents 


4,884,069 
5  6 

thus  «ble  to  couple  32  bits  of  data  onto  bus  24  since  output  of  this  multiplexer.  The  Q  output  of  latch  45  and 

there  are  eight  256x4  registers  within  each  array.  the  Q  output  of  latch  43  arc  coupled  through  the  OR 

gate  53  and  provide  one  input  to  the  NAND  gate  54. 

CONTROLLER  -j^g  qj^  output  from  latch  44  provides  the  other  input 

In  FIG.  3.  the  major  elements  of  the  controller  25  are  5  to  NAND  gate  54.  The  output  of  NAND  gate  54  is 
illustrated  as  mterface  circuit  35.  RAM  conUoUer  36,  coupled  to  the  B  input  of  the  multiplexer  49.  Multi- 
address generator  37,  video  timing  circuit  38  and  multi-  plexer  50  receives  the  Q  output  of  latch  45  at  its  A  input 
plexer  for  video  39.  Certain  of  the  signals  coupled  to  the  terminal  and  hence,  the  size  0  signal  is  coupled  to  the 
controller  25  of  FIG.  2  are  coupled  to  the  interface  output  of  multiplexer  50  when  input  A  is  selected.  The 
circuit  35  of  FIG.  3.  The  interface  circuit  35  of  FIG.  3  10  B  terminal  of  this  multiplexer  receives  the  QN  output  of 
is  different  and  not  part  of  the  interface  circuit  20  of  latch  45.  The  multiplexer  51  receives  the  Q  output  of 
FIG.  1.  The  hitter  provides  interface  between  the  video  latch  46  (size  1  signal)  which  again  is  coupled  to  the 
card  and  the  NUBUS.  The  interface  circuit  35  on  the  output  of  multiplexer  51  when  the  A  terminal  is  se- 
othcr  hand  accepts  signals  either  from  the  NUBUS  or  lected.  The  B  input  terminal  of  multiplexer  51  is  cou- 
directly  from  a  68020  bus  and  provides  control  signals  13  pigjj  to  the  output  of  the  NAND  gate  55.  The  inputs  to 
which  are  used  by  the  controller  and  buffer.  The  circuit  ^;^  NAND  gate  are  the  QN  output  of  latch  45  and  the 
35  will  be  described  in  detail  in  conjunction  with  FIG.  q  output  of  latch  43.  The  read  signal  is  coupled  directiy 
4.  through  latch  47. 

The  RAM  controller  36  receives  the  size  0,  size  1  and  j^  understand  the  operation  of  the  circuit  of  FIG.  4, 

read  signals  from  the  circuit  35  in  addition  to  other  20  jj  should  first  be  understood  that  the  major  control 

inputs  to  the  controller,  specifically  reset.  RAM  select  signals  from  the  68020  bus  arc:  read,  size  0,  size  1.  AO, 

and  the  20  mHz  clock  signal.  The  controller  provides  ^j  ^j  p^5  j^^  ^ata  and  address  signals  are  not  multi- 

the  ordinary  control  signals  for  the  RAM,  mainly  the  piexed.  For  the  NUBUS,  the  major  control  signals  are: 

RAS,  CAS.  WEN.  DTOE,  etc.,  signals.  It  also  provides  .j^q,  TMl,  AO,  Al.  Start,  with  the  address  and  data 

a  data  acknowledge  signal  for  the  NUBUS  or  68020  25  ^^^^  multiplexed  and  inverted.  The  size  0  and  size  1 

handshake.  The  size  0  and  size  1  signals  determine  signals  indicate  the  size  of  the  data  transferred,  that  is,  8, 

which  byte  lane(s)  of  the  32-bit  data  bus  is(are)  being  ^^  32^  24,  or  32  bit  wide  transfer  on  the  32-bit  bus.  The 

used.  Controller  36  also  controls  the  refreshing  of  the  ^^q  ^^  ^j  signals  indicate  where  on  the  bus  the  transfer 

VRAMs.  The  RAM  controUer  36  employs  ordinary  ^  ^  occut,  that  is,  for  example,  an  8-bil  transfer  may 

circuits,  not  critical  to  the  present  invention.  30  ^^^^  ^^  ^^  D7-D15.  However,  the  NUBUS  does 

The  address  generator  37  is  described  in  conjunction  ^^^  support  a  3  byte  transfer,  therefore,  size  0  (input  to 

with  FIGS.  5  and  6.  j^^^jj  45)  jj  hjgh  at  all  times  when  the  signals  applied  to 

The  video  timing  circuit  38  receives  Uie  pixel  clock  ^^  ^^^^  ^j  pjQ  j  ^^  NUBUS  signals, 
and  generates  composite  synchronization  and  blankmg  ^q  ^  j^  ^^^  q^  ^^  j  ^^  ^^^  ^  shown  in  FIG.  4  are 

signals,  and  the  horizontal  and  vertical  synchronization  35  ^^^  desigliations  for  68020  compatible  signals  which 

signals.  The  timing  circuit  also  provides  tumng  signals  ^^^^  ^^^^  ^^  directiy  coupled  through  the  circuit  and 

to  the  generator  37  and  to  the  multiplexer  39.  The  tun-  appear  at  the  output  of  the  multiplexers  (except  for 

ing  circuit  38  is  fabricated  employing  weU-known  cir-  ^^^^  y^^^^  ^^^  ^^^^  ^^  ^^^  ^^^^  of  FIG.  4  is  cou- 

cuits.  ,     ,^ ,_.      ^  J       r         .rt  pled  from  a  NUBUS.  the  equations  which  follow  are 

The  multiplexer  39  receives  the  32.bit  of  data  from  40  ^    j^^^^^^^ ,     ^^  ^^^^^  ^f  FIG.  4  (the  TMl  signal  is 

the  RAM  arrays  on  bus  24  and  couples  the  video  data  interpreted  as  a  Read  signal).  The  "x"  in  the  following 

onto  the  pixel  data  bus  33.  The  data  is  coupled  eiAer  at  ^qu^^ons  indicate  an  output  from  the  multiplexers. 


I,  2,  4  or  8  bits  per  pixel  depending  on  the  mode  se- 
lected. XAOac  AO-Size  0 
NUBUS/68020  INTERFACE  CIRCUIT  XAi-AO+Sia 
Referring  now  to  FIG.  4,  the  interface  circuit  in- 
cludes latches  41  and  42.  These  latches  receive  18  lines  x  SizeO-SiieO 
of  the  address  bus.  The  latching  is  controlled  by  the 


physical  address  strobe  (PAS).  The  NUBUS  or  68020  50  X  Size  l-AO-SiieO 

select  siznal  on  line  39  controls  polarity  of  outputs  from  .        *.  .      .               *:       •_    i  — 

the  circS^f  FIG.  4  (NUBUS  Td  68020  have  opposite  The  implemenUtion  of  the  above  equations  translates 

^hirity  standards).  Thus,  the  signal  on  line  39  TZn-  the  NUBUS  control  signals  mto  the  same  signals  that 

^ed  to  latches  41  and  42  to  conLl  outpm  polarity  on  would  be  sensed  at  tiie  output  of  the  mterface  circuit  if 

hne  18  and  similarly,  the  signal  on  line  39  is  coupled  to  55  tiiat  circuit  were  du-ectly  coupled  to  the  68020  bus. 

the  multiplexers  48-51  for  the  same  purpose.  (The  po-  VRAM  ADDRESS  GENERATOR 

larity  of  the  read  signal  is  not  changed.)  ^  <..,.■        t.      jj                    •«-    ;.  ,.«n  k. 

The  Utch  43  receives  tiie  AO  signal,  latch  44  tiie  Al  Before  descnbmg  the  addre^  generator,  it  wiU  be 

signal,  latch  45  the  size  0  signal,  latch  46  tiie  size  1  signal  helpful  to  examine  a  VRAM  and  its  addressmg  mecha- 

aS  latch  47  tiie  read  signal.  The  output  of  Utch  43  is  60  nism.  In  FIG.  6.  a  VRAM  62  is  ^"f^!??«i^^  » 

coupled  to  multiplexer  48  and  as  is  apparent  when  tiie  A  memory  array  63  and  a  shift  register  64.  This  VRAM  » 

terminal  of  multiplexer  48  is  selected,  the  AO  signal  one  of  tiie  plurality  of  VRAMs  which  form  the  RAM 

appears  at  tiie  output  of  latch  48.  The  QN  output  from  arrays  26  and  27  of  FIG.  2.  As  mentioned,  an  8-bit  row 

Utch  43  and  tiie  Q  output  from  Utch  45  are  coupled  to  address  coupled  to  tiie  VRAMs  selects  a  row  of  data 

tiie  NAND  gate  52  and  provide  tiie  B  input  to  multi-  65  such  as  row  66  of  array  63.  This  data  is  shifted  mto  the 

plexer  48.  The  Q  output  of  Utch  44  is  coupled  to  tiie  A  shift  register  64  as  indicated  by  lines  65.  The  column 

input  of  multiplexer  49  and  hence,  when  tiic  A  input  of  address  appUed  to  tiie  RAM  64  selects  tiie  ^^^8  \°J]*" 

multiplexer  49  is  selected,  tiie  Al  signal  appears  at  the  tion  at  which  data  from  the  shift  register  64  is  shifted 
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from  the  shift  register  onto  the  output  line  58  (4  bits  at  counter  are  coupled  to  the  comparator  83  via  lines  97 
a  time).  For  example,  the  column  address  may  select  a  and  the  contents  of  the  storage  means  78  are  coupled  to 
cation  corresponding  to  column  68  along  the  row  66;  the  comparator  83  via  lines  98.  When  the  count  in 
nen  the  first  data  appearing  on  line  58  is  dau  stored  at  counter  79  matches  the  number  stored  in  the  storage 
location  68.  As  the  shift  register  shifts,  the  dau  repre-  5  means  78,  a  signal  occurs  at  the  output  of  the  compaia- 
sented  by  the  brackeU  59  is  shifted  from  the  register  64.  tor  83  on  line  100.  In  the  currently  preferred  embodi- 
Referring  now  to  HG.  5,  the  address  generator  in-  ment.  the  lookahead  storage  means  78  stores  a  digital 
eludes  a  multiplexer  76.  This  multiplexer  receives  a  number  which  can  be  changed  (typically  by  software). 
signal  which  indicates  whether  a  particular  frame  com-  The  multiplexer  87  selects  between  the  output  of 
prises  odd  or  even  lines  of  an  interlaced  display.  A  10  multiplexers  84  and  85.- and  lines  iU.  The  address  on 
second  signal  coupled  to  the  MUX  76  on  lines  108  pro-  lines  112  are  received  via  the  l^UBUS  from  CPU.  They 
vides  a  digital  number  representing  the  length  of  the  are  used  to  load  the  video  RAMs  in  an  ordinary  man- 
digital  data  required  for  each  scan  line  pair  (even  and  ner.  The  addresses  from  the  multiplexers  84  and  85  are 
odd  line)  of  the  display  As  mentioned,  the  currently  the  addresses  used  during  scanning  (screen  refresh). 
preferred  embodiment  can  use  1. 2, 4,  or  8  bits  per  pixel,  15  RAM  bank  select  86  receives  additional  information 
therefore,  this  length  is  not  fixed.  (Different  programs  and  decodes  it  in  an  ordmary  manner  to  select  between 
may,  through  software,  select  different  lengths.)  Obvi-  bank  zero  and  bank  one  of  the  memory  arrays.  For 
ously,  if  one  bit  per  pixel  is  used,  substantially  less  data  purposes  of  the  following  discussion,  the  particular 
and  hence,  substantially  less  memory  space  is  used  to  bank  selected  is  not  criticaL 

store  the  pixel  data  for  each  scan  line.  The  signal  on  line  20  qper^jion  OF  THE  ADDRESS  GENERATOR 
109  indicates  when  a  new  frame  begins  and  is  used,  as 

will  be  described,  to  control  the  selection  at  the  offset  at  Assume  now  that  the  VRAM  arrays  contain  pixel 
the  output  of  the  muJtipiexer  76  (lines  89).  The  length  data  for  the  dispUy.  (This  data,  as  mentioned,  is  re- 
multiplexer  76  includes  circuits  which  allows  the  output  ceived  on  the  data  bus  29  with  addresses  from  lines  112 
on  lines  89  to  be  zero,  the  number  on  lines  108  or  one-  25  which  are  then  coupled  to  the  VRAMs  through  the  bus 
half  the  number  on  lines  108  (the  purposes  of  which  wiU  28  of  FIG.  2.  The  CPU  provides  a  base  address  which 
be  described).  corresponds,  by  way  of  example,  to  the  location  for 
The  adder  77  is  an  ordinary  digital  adder  which  adds  data  for  the  upper  lefthand  comer  70  of  the  display  67 
the  offset  on  lines  89  to  either  the  base  address  on  lines  of  FIG.  6.  This  address  need  not  correspond  to  the 
88  or  to  the  address  on  lines  90  and  91.  Control  signals  30  beginning  of  a  row  line  in  memory;  that  is,  there  can  be 
on  lines  92  for  each  new  frame  cause  the  signals  on  lines  a  column  address  so  that  data  for  pixel  70  begins  mid- 
88  to  be  added  to  zero  or  i  the  number  on  lines  108,  way  in  the  shift  register.  This  base  address  is  coupled  on 
jiepending  on  whether  an  odd  or  even  frame  is  being  lines  88  to  the  adder  77.  Since  this  is  a  new  frame  (as- 
splayed.  Thereafter,  (for  the  remainder  of  the  frame)  sume  odd  lines)  zero  is  coupled  on  lines  89  to  the  adder. 
!he  digital  number  on  lines  89  are  added  to  the  digital  35  The  output  from  the  adder  77  comprises  the  base  ad- 
numbers  on  lines  90  and  91.  The  output  of  the  adder  dress  which  is  coupled  to  registers  81  and  82  and  also 
which  is  a  VRAM  memory  address  includes  a  row  field  loaded  into  counters  79  and  80.  The  multiplexers  84  and 
and  a  column  field  (8  bits  each)  which  are  coupled  to  85  select  this  address  and  it  is  coupled  to  the  VRAMs. 
registers  81  and  82.  The  row  address  is  also  coupled  to  As  the  daU  is  clocked  from  the  shift  register  (e.g.,  shift 
the  row  address  counter  80  and  similarly  the  colunm  40  register  64  of  FIG.  6)  the  counter  79  is  incremented, 
address  is  also  coupled  to  the  RAM  (column)  counter  Data  words  of  32  bits  are  coupled  from  the  VRAM 
79_  with  each  shifting  of  the  shift  registers.  If  8  bits  per  pixel 
The  row  multiplexer  84  selects  between  the  output  of  are  used,  then  counter  79  is  incremented  at  one-fourrti 
the  row  address  counter  80  (lines  96)  and  the  row  ad-  the  pixel  clock  rate.  Similarly,  if  one  bit  per  pixel  is 
dress  register  82  (lines  94).  At  the  beginning  of  each  45  used,  the  counter  79  is  incremented  at  1/32  the  rate  of 
frame,  multiplexer  84  selects  the  output  of  register  82.  the  pixel  clock.  (In  fact,  the  shift  register  can  operate 
When  the  shift  register  associated  with  the  VRAMs  synchronously  from  the  pixel  clock  so  long  as  data  is 
reaches  its  end,  the  address  on  lines  96  is  selected.  The  accessed  at  a  rate  fast  enough  to  meet  the  demands  of 
counter  80  increments  (by  I)  the  address  that  is  stored  in  the  display  mode.  Temporary  storage  or  buffers  may 
registers  2  each  time  the  shift  register  reaches  its  end.    50  then  be  necessary.) 

The  column  multiplexer  85  selects  between  the  con-  When  the  counter  79  reaches  the  predetermined 
tents  of  register  81  and  a  zero  address  on  lines  95.  At  the  count  (e.g.,  256),  the  last  stages  of  the  shift  register  is 
beginning  of  each  scan  line,  the  address  from  register  81  being  accessed.  The  signal  on  line  101  causes  the  row 
is  selected.  This  address  which  is  also  coupled  into  the  multiplexer  84  to  select  the  address  on  lines  96.  For  the 
counter  79  is  incremented  at  the  rate  daU  is  shifted  in  55  example,  this  is  the  base  row  address  incremented  by 
the  shift  registers  of  the  VRAMs.  (This  is  slower  than  one;  that  is,  the  next  row  in  memory.  Also,  the  signal  on 
the  pixel  clock  rate  since  there  are  32  bits  from  the  line  101  causes  the  multiplexer  85  to  select  lines  95  and 
VRAM  for  each  count  in  counter  79.)  When  the  the  first  stages  of  the  shift  register  is  selected.  Addition- 
counter  79  reaches  a  predetermined  count  (e.g.,  256)  an  ally,  counter  79  is  reset  (zero  count), 
output  signal  occurs  on  line  101.  This  signal  causes  the  60  For  each  scan  line  thereafter,  the  row  address  from 
multiplexer  84  to  select  lines  96  and  the  multiplexer  85  row  address  register  82  and  the  column  address  from 
to  select  the  zero  address.  register  81  are  added  to  the  offset  on  lines  89.  The  new 
Lines  93  provide  the  timing  signals  and  control  sig-  address  is  then  coupled  to  registers  81  and  82  and  se- 
pals to  implement  the  counting  and  the  address  transfers  lected  by  multiplexers -84  and  85. 
escribed  below.  65  When  odd  scan  lines  are  displayed,  the  offset  89  is 
The  comparator  83  compares  the  count  within  the  added  to  the  base  address  after  the  first  Ime  as  described 
counter  79  with  a  digital  number  stored  within  the  above  (except  for  scan  line  1  where  base  address  is 
lookahead  storage  means  78.  The  contents  of  the  used).  That  is,  for  scan  line  3,  the  address  on  lines  90  and 
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91  (which  is  the  base  address)  is  added  to  the  offset  to 
obtain  the  next  line.  For  line  5,  the  offset  a  added  to  the 
address  on  lines  90  and  91  which  corresponds  to  scan 
line  3.  thereby  providing  the  starting  address  for  scan 
line  5,  etc. 

For  even  scan  lines,  the  location  in  the  VRAM  for 
scan  line  2  must  be  addressed  at  the  start  of  the  frame. 
Here  one-half  the  length  on  lines  108  is  added  to  the 
base  address  on  lines  88  to  obtain  the  address  for  scan 


8  bits  per  pixel)  and  a  shorter  time  is  used  where  less 
pixel  dato  is  needed  (e.g.,  1  bit  per  pixel). 

In  the  currently  preferred  embodiment,  comparator 
83  examines  the  six  most  significant  bits  of  the  counter 
79  and  storage  means  80  is  programmable  from  3  to  6 
bits. 

Thus,  an  address  generator  has  been  described  which 
makes  very  efficient  use  of  video  RAMs  and  permits  the 
pixel  data  to  be  stored  in  the  video  RAMs  without 
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line  2.  This  address  from  lines  90  and  91  is  added  to  the  10  having  an  integer  number  of  scan  lines  per  row  of  mem 
full  length  (offset  on  line  89)  to  provide  the  address  for 
scan  line  4  and  the  remaining  scan  lines  in  the  frame. 

Thus,  to  summarize  for  odd  lines  the  offset  is  initially 
zero,  whereas  for  even  scan  lines,  the  offset  is  initially 
one-half  the  length.  It  wiU  be  apparent  that  for  non- 
interlaced displays  the  even-odd  signal  is  not  required 
and  the  length  on  hncs  108  corresponds  to  the  length  of 
data  between  consecutive  scan  lines  on  the  display. 

Referring  now  to  FIG.  6,  the  importance  of  the  ad- 
dress generation  of  FIG.  5  can  be  more  readily  appreci- 
ated. Assume  that  scan  line  75  of  display  €7  is  being 
scanned.  Further  assume  that  the  address  coupled  to 
registers  81  and  82  correspcMid  to  row  66  of  the  array  63 
and  column  location  68.  This  entire  row  is  transferred 
into  the  shift  register  and  the  first  data  from  the  shift  25 
register  corresponding  to  the  column  location  68.  This 
pro  /ides  the  pixel  data  for  pixel  69  of  scan  line  75.  As 
the  data  is  shifted  from  the  shift  register  64,  it  is  used 
through,  of  course,  the  color  lookup  table  to  provide 
the  video  signal  as  needed  to  paint  line  75.  The  counter  30 
79  is  incremented;  for  this  case  the  number  of  counts 
needed  to  reach  256  corresponding  to  bracket  59.  When 
the  end  of  the  shift  register  is  reached,  data  is  loaded 
from  the  next  row  in  the  array  shown  as  row  660  (this 
address  is  from  counter  80).  Now  the  colimm  address  is  35 
zero,  selected  by  multiplexer  85  from  lines  95.  The  data 
at  location  72  provides  the  pixel  data  for  pixel  74  of  line 
75. 

Thus,  the  data  for  pixel  73  came  from  the  end  of  row 
66  as  indicated  by  line  71.  The  data  for  the  next  pixel  74  40 
came  from  the  next  row  (row  660)  but  from  the  begin- 
ning of  the  shift  register  (column  72).  The  significance 
of  this  is  that  the  storage  of  the  data  within  the  array  63 
is  not  necessarily  mapped  with  a  fixed  number  of  rows 
corresponding  to  a  5xed  number  of  scan  lines.  This  45 
allows  the  data  to  be  more  efficiently  stored  within 
array  63. 

Memory  cycle  time  is  required  to  address  a  row  and 
transfer  daU  from  the  row  mto  the  shift  register.  This  is 
a  relatively  long  time  when  compared  to  the  pixel  rate. 
The  present  invention  provides  a  lookahead  feature  to 
alert  the  system  to  the  fact  that  the  end  of  the  data  in  the 
shift  register  is  approaching.  The  line  105  of  display  67 
is  used  to  illustrate  that  before  the  data  for  pixel  73  is 
reached  a  lookahead  mechanism  is  activated. 

The  lookahead  mechanism  employs  the  lookahead 
storage  78  of  FIG.  5.  This  number  is  stored,  as  men- 
tioned, and  compared  with  the  contents  of  counter  79. 
Before  the  end  of  the  shift  register  is  reached,  a  signal 
occurs  on  line  100.  This  signal  is  used  as  a  RAM  control 
signal  for  the  start  of  a  time  sequence  to  transfer  data 
into  the  shift  register.  (The  DTOE  signal  can  be  as- 
serted while  data  is  being  shifted  out  of  the  shift  register 
to  permit  rapid  transfer  of  data  from  the  next  row  into 
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ory. 
X  claim: 

1.  A  video  apparatus  for  providing  video  data  for  a 
display  when  coupled  to  a  computer  which  includes  a 
central  processing  unit  comprising: 

interface  means  for  interfacing  with  said  central  pro- 
cessing unit;  . 

a  pixel  data  memory  having  a  plurality  of  video  ran- 
dom-access memories  each  of  which  includes  a 
storage  array  and  a  shift  register, 

addressing  means  for  addressing  said  video  random- 
access  memories  coupled  between  said  interface 
means  and  said  pixel  data  memory  comprising: 

(a)  row  address  storage  means  for  storing  a  row  ad- 
dress; 

(b)  colimm  address  storage  means  for  storing  a 
column  address; 

(c)  row  counter  mean  ^  for  incrementing  said  row 
addresses; 

(d)  column  counter  means  for  receiving  said  col- 
umn addresses; 

(e)  control  means  for  selecting  said  row  counter 
means  when  said  column  counter  reaches  a  pre- 
determined count,  said  control  means  resetting 
said  column  coimter  means  when  said  row 
coimter  means  is  incremented; 

(f)  comparator  means  for  comparing  the  count  in 
said  column  counter  means  with  a  certain  count 
which  is  less  than  said  predetermined  count  so  as 
to  provide  a  signal  before  said  shift  registers  are 
emptied,  said  signal  causing  new  address  signals 
to  be  generated  for  said  video  random-access 
memories; 

said  pixel  data  memory  being  accessed  by  said  ad- 
dressing means  to  provide  videj  data  for  said  dis- 

2.  The  video  apparatus  defined  by  claim  1  mcludmg 
an  adder  coupled  to  receive  a  control  input,  a  base 
address,  an  offset  and  the  outputs  of  said  storage  means, 
the  output  of  said  adder  being  coupled  to  said  storage 
means. 

3.  The  video  apparatus  denned  by  claim  2  wherein 
the  outputs  of  said  row  and  column  address  storage 
means  are  added  to  said  offset  for  new  scan  lines  of  said 
display. 

4.  The  apparatus  defmed  by  claim  3  wherein  said 
certain  count,  is  programmable. 

5.  A  video  apparatus  for  providing  video  data  for  a 
dbpUy  when  coupled  to  a  computer  which  includes  a 
68020  central  processing  imit  and  a  main  memory,  said 
computer  including  a  NUBUS  which  communicates 
with  said  central  processing  unit  and  said  main  memory. 


the  shift  register.)  This  provides  a  smooth  transition  of  65  compnsmg: 
data  from  row-to-row  of  the  memory  array.  The  lookar  interface  means  for  selectively  mterfacmg  with  each 

head  105  of  FIG.  6  is  programmable,  that  is.  a  longer  of  said  NUBUS  or  said  68020  central  processing 

lookahead  is  used  where  more  pixel  data  is  needed  (e.g.,  unit; 
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a  pixel  data  memory  having  a  plurality  of  video  ran- 
dom-access memories  each  of  which  includes  a 
storage  array  and  a  shift  register; 

addressing  means  for  addressing  said  video  random- 
access  memones  coupled  between  said  interface 
means  and  said  pixel  data  memory  comprising: 

(a)  row  address  storage  means  for  storing  a  row 
address; 

(b)  column  address  storage  means  for  storing  a 
column  address; 

(c)  a  row  counter  coupled  to  receive  said  row  ad- 
dress; 

(d)  a  column  counter  coupled  to  receive  said  col- 
umn address; 

(e)  control  means  for  causing  said  row  counter  to 
increment  when  said  column  counter  reaches  a 
predetermined  count; 

(0  comparator  means  for  comparing  the  count  in 
said  column  counter  with  a  certain  count  which 
is  less  than  said  predetermined  count  so  as  to  20 
provide  a  signal  before  the  shift  registers  in  said 
video  random-access  memories  are  emptied,  said 
signal  causing  new  address  signals  to  be  gener- 
ated for  said  video  random-access  memories: 
said  pixel  data  memory  being  accessed  by  said  ad-  25 
dressing  means  to  provide  video  data  for  said  dis- 
play- 

6.  The  apparatus  defined  by  claim  5  wherein  said 
certain  count  is  programmable. 

7.  A  video  apparatus  for  providing  video  data  for  a  30 
display  when  coupled  to  a  computer  which  includes  a 
central  processing  unit  and  a  main  memory  comprising: 

interface  means  for  interfacing  with  said  centra!  pro- 
cessing unit; 

a  pixel  dau  memory  having  a  plurality  of  video  ran- 
dom-access memories  each  of  which  includes  a 
storage  array  and  a  shift  register; 

addressing  means  for  addressing  said  video  random- 
access  memories  coupled  between  said  interface 
means  and  said  pixel  data  memory  comprising: 

(a)  an  adder  for  receiving  a  base  address  and  an 
offset; 

(b)  row  address  storage  means  for  storing  a  row 
address  received  from  said  adder, 

(c)  column  address  storage  means  for  storing  a  43 
column    address    received    from    said    adder, 
wherein  the  outputs  of  said  row  and  column 
storage  means  provide  an  additional  input  to  said 
adder; 

(d)  a  row  counter  coupled  to  receive  said  row 
address; 

(e)  a  column  counter  coupled  to  receive  said  col- 
umn address,  and  clocked  at  the  rate  data  is 
shifted  from  the  shift  register  of  said  video  ran- 
dom-access memories; 

(f)  control  means  for  causing  said  row  counter  to 
increment  when  said  column  counter  reaches  a 
predetermined  count,  said  control  means  reset- 
ting said  column  counter  when  said  row  counter 
is  incremented; 

(g)  comparator  means  for  comparing  the  count  in 
said  column  counter  with  a  certain  count  which 
is  les£  than  said  predetermined  count  so  as  to 
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provide  a  signal  before  the  shift  registers  in  said 
video  random-access  memories  are  emptied,  said 
signal  causing  said  new  address  signals  to  be 
generated  for  said  video  random-access  memo- 
ries; 
said  pixel  data  memory  being  accessed  by  said  ad- 
dressing means  to  provide  video  data  for  said  dis- 
play. 

8.  The  apparatus  defined  by  claim  7  wherein  said  row 
and  column  address  storage  means  receive  said  base 
address  from  said  adder  for  a  certain  new  frame  of  said 
display  and  for  subsequent  scan  lines  of  said  display  said 
adder  providing  the  sum  of  the  addresses  stored  in  said 
storage  means  and  said  offset 

9.  The  apparatus  defmed  by  claim  8  wherein  said 
ofGset  is  a  function  of  the  number  of  bits  of  pixel  data 
used  for  each  scan  line. 

10.  The  apparatus  defined  by  chum  9  wherein  said 
certain  count  is  programmable. 

11.  In  a  video  apparatus  for  providing  video  data  for 
a  display  when  said  apparatus  is  coupled  to  a  computer 
which  includes  a  central  processing  unit  and  a  mam 
memory,  an  improvement  comprising: 

a  plurality  of  video  random-access  memories  each  of 
which  includes  £.  memory  array  which  is  addressed 
by  a  row  address  and  a  shift  register  which  is  ad- 
dressed by  a  column  address 

addressing  means  for  providing  said  row  address  and 
column  address  for  transfer  of  said  video  data  di- 
rectly from  said  memory  array  to  said  shift  register, 

detection  means  for  providing  a  first  signal  prior  to 
the  end  of  the  shifting  of  the  data  from  said  shift 
registers,  said  first  signal  initiating  a  time  sequence 
for  transfer  of  said  video  data  from  said  memory 
arrays  directly  to  said  shift  registers  in  said  video 
random-access  memories,  thereby  permitting  ei- 
ther a  non-integer  or  integer  number  of  scan  lines 
per  row  of  said  memory  array,  said  detection 
means  provides  said  first  signal  when  said  shift 
register  has  a  certain  number  of  bits  of  data  remain- 
ing and  said  certain  number  of  bit  is  programmable; 
and 

control  means  for  providing  second  signals  to  said 
video  random-access  memories  when  said  first 
signal  is  received  from  said  detection  means; 

said  video  random-access  memories  being  addressed 
by  said  addressing  means. 

12.  The  improvement  defmed  by  claim  11  wherein 
said  addressing  means  comprises: 

(a)  row  address  storage  means  for  storing  said  row 
address 

(b)  column  address  storage  means  for  storing  said 
column  address; 

(c)  a  row  counter  coupled  to  receive  said  row  ad- 
dress; 

(d)  a  column  counter  coupled  to  receive  said  column 
address; 

(d)  said  control  means  including  means  for  causing 
said  row  counter  to  increment  when  said  column 
counter  reaches  a  predetermined  count; 

(0  said  detection  means  being  coupled  to  said  column 

counter. 

•    •    •    *    * 
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geneaHy  Bsed  at  a  tiinc.  In  additioB.  prior  art  Mtwork- 

APPARATUS  FOR  TRANSFERRING  SIGNAI^  ing  schemes  provide  for  means  for  attached  devices  to 

AND  DATA  UNDER  THE  CONTROL  OF  A  HOST        identify  themselves  to  each  other  Arough  elaborate 

GOMPUIER  "handshaking"  schemes.  Again,  such  complexity  is  not 

3   required  to  connect  peripheral  devices  ance  there  is  no 

BACKGROUND  OF  THE  INVENTION  need  for  these  devices  to  identify  themselves  to  other 

1  FieW  of  the  Invention  devKcs.  only  to  the  host  computer. 

^tv^^^^S^^  field  of  communications  Therefore,  it  is  an  object  of^e  P^t  mv^  to 

media  for  transferring  data  bet^-ecn  a  source  and  a       provide  a  commnmcaUons  me&um  ^^J^  f^^^^  ^ 
pInraUty  of  peripheral  devices  coupled  to  the  source.  »«»  peripheral  devices,  which  provides  a  »f»PJ«  «°d  effi- 
More  particidariy,  the  present  invention  relates  to  dau       cient  means  for  couphng  those  devices  to  a  host  com- 
transfer  along  a  peripheral  device  bos  between  a  phirai-       pater, 
ity  of  peripheral  devices  and  a  host  computer.  It  is  a  further  object  of  the  present  mvention  to  pio- 

2.  Art  Background  .  ,,  vide  a  communications  medium  by  which  aU  such  pc- 

In  the  computing  industry,  it  is  quite  commcm  to  "  npheral  devices  can  be  coupled  to  a  host  computer  at  a 
transfer  data  and  commands  between  a  i^uratity  of  data        single  input 

processing  devices,  such  as  for  example,  computers.  It  is  still  another  object  of  the  present  invention  to 

printers,  memories  and  the  like.  The  interconnection  of  provide  a  communications  medium  which  provides  a 
computers  and  other  peripheral  devices  principally  means  for  peripheral  devices  to  indicate  a  need  for  ser- 
dcveloped  in  the  early  WO's  with  the  advent  of  com-  ^  ^^j^^  ^  ^^  ^^^  computer. 

puter  networking  systems,  which  permitted  the  distn-  H  -^  ^^  another  object  of  the  present  invention  to 

bution  of  access  to  computing  resources  bsyond  the  provide  a  communications  medium  which  provides  a 
immediate  proximity  of  a  main  frame  computer.  means  for  determining  if  the  communications  medium  is 

Networks,  such  as  the  ARPA  network,  were  devt^-        -^^^ 
oped  to  provide  access  by  various  users  to  large  time-  23      ^^  ^  jaio&er  object  of  the  present  invention  to  pro- 
sharing  s>'stems  and  the  transfer  of  data  between  such        ^^^  ^  communications  medium  which  aUows  periph- 
aystcms.  In  xbe  case  of  geogr^hi^y  loca.  networks.  ^^  ^^   operation  of  the  system. 

so-caUed  "local  srea  networks"  (LANs)  were  devel-       erai  devices  k>  oe  aaaca  aumig  h^ 
oped  to  connect  together  a  collection  of  computers,  SUMMARY  OF  THE  INVENTION 

terminals  »°dperipherak  located,  ^i^^^  30  ^^^^^^^  ^^^  j,  disclosed  including 

bmldmg  or  adjacent  buildmgs.  f  ^  p^n^^h  of  transferring  dato  between  a 

these  devices  to  communica*e  among  themselves  or        «t»j«uaiw3  ^mi*  u^w^^.^--  «     «„««„*-_  t« 

w^de^^atLhed  to  oiUer  networks.  Local  area  pluraUty  of  pcnphera^^  devices  and  a  l^t  (^mpu^ 
^^orkT^t  the  implementation  of  distributed  com-  the  preferred  embodmient.  a  plurahty  of  Penpho^ 
S  fa^tS  words^^some  of  the  devices  coupled  to  33  devices  si;ch  as  human  mput  d^ces  (mcluAng  im^ 
L  la:al  area  network  may  be  dedicated  to  perform  keyboards,  sketchpads,  etc.).  apphances.  hsten  only 
specific  functions,  such  as  fUe  storage,  data  base  man-  devices,  etc.,  «e  coupled  to  a  com^-non  cable  for  data 
agement,  terminal  handling,  and  so  on.  By  having  dif-  transmission  and  reception  of  commands.  A  penptierai 
fCTcnt  machines  perform  different  tasks,  distributed  device  coupled  to  the  cable  may  signal  the  host  corn- 
computing  can  make  the  implementation  of  the  system  40  puter  when  it  requires  servicing.  This  pcrij»heral  device 
simplier  and  more  efficient.  wiU  continue  to  request  serivce  until  the  hos.N^omputer 

Presently,  networking  has  only  been  applied  to  pro-  con\mands  it  to  transmir  its  data-  All  pcripherajyievices 
vide  communications  between  data  processing  devices^  of  th*  same  generic  type  (e.g.,  all  keyboards).  maiH^vc  • 
which  are  machine  input  devices.  However  it  would  ^  j^  identical  bard  wired  address  used  as  an  indaitiftiati^n 
also  be  useful  to  provide  a  networkiag  means  to  provide  ^SNgyj^t,^  j^  ^jj^g  manner,  the  host  computer  cat  identify 
communication  between  a  single  computer  and  i  plural-  tiie^generic  type  of  device  conmjunicating  on  the  cable, 
ity  of  peripheral  devices  such  as  human  input  a^cis,  j^  j^^^  ^j^^  Q^g  ^f  the  same  type  of  device  is  coupled 
listen  only  devices,  appliances,  etc.  Human  input  <ievi«  ^  ^^  ^^i^  ^g  g^^  2  mice),  the  host  computer  will  assign 
include  keyboards,  cursor  control  devices  (such  ^  a  ^^  addresses  in  the  status  registen  of  the  mice  so  they 
-mouse**),  and  sketch  pads,  etc  Listen  only  devi.-Ms  50  ^^  j^  differentiated. 

include  transaction  logs.  etc.  In  the  prior  art,  such  d?-  j^^  ^^  preferred  embodiment,  a  return  to  zero  modu- 

vices  are  attached  to  a  host  computer  through  a  port  j^^^  scheme  is  used  to  transmit  daU  and  commands 
dedicated  to  each  device.  Often,  additional  "cards"  are  ^^^  ^^  ^^j^  ^  ^  ^^^^^  ^  peripheral  device  will 
required  to  aUow  a  peripheral  input  device  to  be  added.  ^^^  ^  coUision  if  it  attempts  to  transmit  a  high  signal 
Further,  the  addition  of  cards  requires  that  the  host  55  ^^  ^^  ^^^^  ^^  ^^^  ^^^^  .^  ^^^  ^^^  ^^  another 
computer  be  powered  down,  with  no  mechanism  for  ^^  ^^^^^  ^^  simplify  the  protocol  of  the  system, 

adding  peripheral  devices  to  a  Uvc  system.  Such  pnor  ^^  computer  can  initiate  communicaUon. 

art  systems  are  inefTicient  smce  peripheral  dcvic«  ^e  ^  invention  permite  the  addition  of  periph- 

not  generaUy  operated  smiuluneously     fo^  «^^^  ^^  je^^  to  a  computer  while  the  computer  is  in  use. 

someone  usmg  a  mouse  is  8*^*^^^  ^^^'^g  *^ J^!^;  ^  without  the  need  to  power  down  the  computer  system, 
board  or  sketchpad  at  the  same  tone).  Thus,  the  devices  ^^^^^^^  ^^^^^  ^  ^  embodied  in  a  narrow 
could  share  a  common  hne  to  the  host  computer  with-        ine  prc«mi  invcnwu 

outcreating  data  traffic  problems,  elimimtting  the  need  band  medium,  as  weU  as  broad  band,  fiber  optic,  mfra- 
forcards.  red  and  other  media. 

Prior  art  networking  schemes  also  include  elaborate  65      gRjEp  DESCRIPTION  OF  THE  DRAWINGS 

methods  for  establishing  control  of  the  network  to  .„-»._ i.- 

^^Td^toLnsJi,  Such  systems  are  not  needed  FIG.  1  is  block  diagram  dlustratmg  the  networkmg 

for  networking  of  peripheral  devices,  since  only  one  is       system  of  the  present  mvention. 
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FIG.  2  is  a  timtng  diagram  illiistratmg  the  present 
mventioii*s  use  of  return  to  zero  encoding. 

FIO.  3  iUustrates  a  register  of  a  periphend  device  oi 
^  present  invention. 

FIG.  4  is  a  flow  chart  iUustrating  the  sequence  of 
operations  utilized  by  a  peripheral  device  to  request 
service  by  the  host  computer. 

FIG.  5  is  a  flow  chart  illustrating  the  sequence  the 
operatioas  utilized  to  provide  new  addresses  to  devices 
sharing  the  same  hard-wired  address. 

FIG.  6  is  a  timing  diagram  illustrating  a  command 
transaction  of  the  present  invention. 

DETAILED  DESCRIFnON  OF  THE 
INVENTION 

A  peripheral  device  bus  including  apparatus  and 
methods  for  transferring  data  between  a  plurality  of 
peripheral  devices  coupled  to  a  host  compute  is  dis- 
closed. In  the  following  description  numerous  specific 
details  are  set  forth,  such  as  specific  numbers,  registers, 
addresses,  times,  signals,  and  formats,  etc.,  in  order  to 
provide  a  thorough  understanding  of  the  present  inven- 
tion. However,  it  will  be  ^parent  to  one  skilled  in  the 
art  that  the  present  invention  may  be  practiced  without 
these  specific  details.  In  other  mstances,  well-known  25 
circuits  and  devices  are  shown  in  block  diagram  form  in 
order  not  to  unnecessarily  obscure  the  present  inven- 
tion. 

Referring  to  FIG.  1,  the  preferred  embodiment  of  the 
present  invention  may  be  seen.  A  plurality  of  peripheral  30 
devices,  generally  identified  by  numbers  11  through  16 
arc  coupled  through  a  single  cable  7  to  a  host  computer 
10.  In  the  preferred  embodiment,  all  devices  communi 


10 


IS 


20 


that  appliance  whwh  matches  the  extended  address  of 
the  appliance.  An  extended  address  is  an  individual 
identilicatiott  number,  which,  in  the  preferred  embodi- 
ment, may  be  up  to  64  bytes  long.  Once  the  host  com- 
puter has  provided  the  extended  address,  the  device 
having  that  address  is  active.  Subsequent  commands  to 
the  appliance  address  location  will  be  executed  by  that 
device  without  the  need  for  providing  the  extended 
address  each  time.  An  activated  appliance  will  respond 
to  all  commands  to  the  appliance  address,  while  unacti- 
vated  devices  remain  passive.  To  deactivate  an  active 
extended  address  device,  the  host  computer  provides 
the  extended  address  of  another  extended  address  de- 
vice, activating  it  and  deactivating  the  previously  active 
device.  It  is  contemplated  that  any  device  which  could 
be  controlled  by  the  host  computer  is  suitable  for  the 
present  networking  scheme,  such  as  lights,  ovens,  sprin- 
kler systems,  phone  answering  machines,  etc.  It  is  con- 
templated that  at  least  one  other  hardwired  address  for 
extended  address  devices  be  provided  in  the  present 
system.  Such  an  address  would  be  used  for  system  pro- 
tection schemes  or  user  identification  schemes.  For 
example,  a  device  at  this  location  could  contain  an  ex- 
tended address  which  must  be  provided  by  the  system 
user  before  the  system  could  be  enabled.  In  other  in- 
stances, individual  operations  could  require  that  the 
extended  address  of  other  security  devices  be  provided 
by  the  host  computer  prior  to  performance.  Such  secu- 
rity devices  could  function  as  "keys"  to  lock  the  entire 
system  or  certain  operations  performed  on  the  system. 
Also  reserved  for  use  on  the  network  of  the  present 
invention  are  soft  address  locations  16.  Soft  address 
locations  are  reserved  for  duplicates  of  peripheral  de- 


cate  with  the  host  computer  by  a  mmi-phono  jack  with  -^  coupled  to  the  bus.  When  more  than  one  mouse  is 

the  foUowing  connector  assignments;  tjp-power.  n^-  35  j^  ^  ^^  ^^  fo^  example,  the  host  computer 

data,  sleeve-power  return.  A  "high    signal  (1)  is  2.4  addresses  to  each  mouse,  those  addresses 

volts  minimum.  A  "low"  si^  (0)  is  0.8  volte  m^i-  ^^^  ^^  ^^^  ^^^^  ,^^^^ 

mum.  Although  a  smgle  cable  is  contemplated  m  tiie  AUhough  specific  examples  have  been  given  for  each 

preferred  embodiment  of  the  P«f^*^»"^^^j'°"' °^Y  ^  type  of  devicrcoupled  to  the  bus,  there  may  be  more 

communicauons  media,  such  as  broad  band  methods.  «  ^^  ^j^^  i^jni  ^f  ^ach  type  of  device  with  that  address, 

fiber  optic  systems,  and  mfrared  signals,  are  contem-  ^^^  example,  a  sketch  pad  has  been  given  as  an  absolute 

P***«*-                                                        ^       A^A^  device  but  a  touch  screen  would  also  be  considered  an 

The  bus  of  the  present  mvention  supports  coded  de-  «^                    ^  ^  ^          ^^^  ^^  ^^^  ^^. 

vices  (for  wWch  a  '^y^^^.^f^^^/^^^  *  ,.  xnand  address  as  the  sketch  pad.  In  those  situations,  the 

function,  such  as  a  keyboard  14).  relative  devices  (m  45  ^„„^^-  ,^  ^-  ,^  addresses  from  the  soft 


50 


which  movement  of  a  display  cursor  in  response  to  a 
control  device,  such  as  a  mouse  11  or  12,  may  be  from 
any  startmg  point),  and  absolute  devices  (for  which 
there  is  a  constant  and  direct  relationship  between  dis- 
play position  and  device  position,  such  as  sketch  pad 
13). 

The  system  also  permits  the  networking  of  extended 
address  devices.  Extended  address  devices  share  a  com- 
mon hard  v«red  address  35.  but  further  include  an  ad- 
dress unique  to  the  individual  device  which  the  host  55 
computer  must  recognize  before  the  device  can  be  ac- 
cessed. Extended  addresses  29  for  respective  extended 
address  devices  15  are  shown  collectively  in  FIG.  1  by 
a  single  block  diagram  29  coupled  to  extended  address 
devices  15.  For  example,  it  is  contemplated  that  appU-  60 
ances  may  be  coupled  to  the  host  computer  and  con- 
trolled by  the  host  computer.  In  such  a  situation,  all 
appliances  would  have  an  'dentical  hardwired  fixed 
address.  The  host  computer,  on  a  first  level,  would 
simple  address  the  hard  wired  address  for  appUances.  65 
At  this  time,  all  appliances  coupled  to  that  address  are 
inactive.  An  individual  appliance  may  be  activated  by 
the  host  computer  if  the  host  cc»nputer  sends  a  agnal  to 


host  computer  will  assign  new  addresses  from  the  soft 
address  locations  to  each  device. 

In  the  preferred  embodiment  of  the  present  inventicm, 
the  various  peripheral  devices  have  been  assigned  ad- 
dresses as  shown  below: 


Addrest 

Device  Type* 

Example 

0000<zeio) 

extended  addres* 

security  systems. 

device 

user  ID 

0001  (ooe) 

extended  addrest 
device 

appliances 

0010  (two) 

coded  devices 

keyboard 

0011  (three) 

relative  devices 

aunise.  track  ball 

0100  (four) 

absolute  devices 

sketchpad, 
touchscreen 

0101  (five) 

reserved 

none 

Olio  (six) 

reserved 

none 

OUl  (seven) 

reserved 

none 

IQOO  (eight) 

softaddivsaed 

duplicate  peripheral 
devices 

liil  (15) 

^addressed 

duplicate  peripheral 

devices 

'APPLE_PAT_4_91 0_655_07"  323  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 91 7h  x  2903v 


David  T  Craig    •    21  February  2004 


I  Page  0384  of  0515 


Apple  Computer  Selected  Patents 


4,910,655 

5  6 

It  wiU  appreciated  by  one  skilled  in  the  irt  that  other  embodiment  a  "(T).  After  the  stop  bit,  the  bus  returns  to 

addresses  may  be  assigned  to  these  devices  ccMitmning  its  normally  high  state  unless  a  device  requests  service. 

more  or  less  bits  than  in  the  preferred  embodiment.  The  command  is  an  8  bit  value  in  the  preferred  em- 

Futed  hart-wired  addresses  31, 32, 33  and  34  arc  shown  bodiment  The  command  includes  a  4  bit  device  address 

in  HG.  1  for  mouse  11,  mouse  12,  sketch  pad  13,  and  5  field  which  specifies  the  fLTcd  hardwired  address  of  the 

keyboard  14,  respectively.  desired  peripheral  device  (e.g..  001 1  for  a  mouse).  The 

In  no.  t  dau  transmitter/receiver  circuit  23  for  next  2  bits  form  the  command  and  the  final  2  bits  form 

mouse  11  is  shown  in  block  diagram  form  coupled  to  a  register  address  field  which  allows  a  specific  registw; 

mouse  It  Data  transmitter/receiver  drtaiit  24  for  R0-R3  within  an  addressed  peripheral  device  to  be 

mouse  12  is  shown  in  block  diagram  form  coupled  to  10  specified.  In  the  preferred  embodiment,  the  commands 

mouse  12.  Date  transmitter/receiver  dicuit  25  for  have  the  foUowmg  bit  code: 

sketch  pad  13  is  shown  in  Mock  diagram  form  coupled         ^ ■ 

to  sketch  pad  13.  Date  transmitter/receiver  circuit  26  ^^ ,  g^j^ 

for  keyboard  14  is  shown  in  block  diagram  form  cou^  ^^ 

pled  to  keyboard  14.  Date  transmitter/receiver  circuits  "  ^j^^                              lo 

27  for  respective  extended  address  devices  15  arc  shown        Tilk  " 

collectively  in  FIG.  1  by  a  single  block  diagram  27  -^-— — -—-— ^— — ^^— — — -^— — ■ 

coupled  to  extended  address  devices  15.  The  talk  command  orders  the  addressed  device  to 

AU  penphcral  devices  have  four  renters  m  the  ^  ^^^  .^  ^^  ^  ^  ^^  ^^^  ^^  y^ 

ferred  embodiment  to  recave  date  and  s<md  data.  For  ^^  ^^^  ^^  addressed  device  to  accept  date  from 

each  device,  register  3  talk  and  regster  3  h«ai  have  ^j^  j^  computer  and  place  it  in  one  of  its  regbtcrs. 

stetus  information  such  as  device  address  and  handler  ^^  ^^^  command  has  an  effect  on  each  device  which 

mformation.  The  remaming  registers  are  date  registcra  .^  ^cimcd  by  the  individual  device.  It  can  be  used  for 

which  are  device  specific  except  register  2  hsten  which  ^  ^^^  fimctions  3S  clearing  a  register  or  resetting  aU  keys 

contains  the  extended  addresses  for  extended  address  ^  ^  keyboard  so  that  they  will  be  sent  again.  Generator 

devices  or  device  specific  contents  for  soft  addressed  j^  ^^^  generating  the  attention  si^ud,  the  synchroniza- 

devices.  tjon  signal,  the  commands,  and  the  stop  signal  is  shown 

In  the  preferred  embodiment  of  the  present  invention,  -^  j^q  j  coupled  to  host  computer  10.  In  FIG.  1,  cir- 

thcre  are  three  types  of  communication  on  the  periph-  jq  ^^^^  jl  for  transmitting  date  from  host  computer  10 

eral  bus:  commands,  date  and  global  signals.  Commands  ^^  receiving  date  from  the  peripheral  devices  is  shown 

are  sent  from  the  host  computer  to  the  peripheral  de-  -^  block  diagram  form  coupled  to  host  computer  10. 

vices,  date  is  sent  from  the  host  computer  to  the  devices  When  a  peripheral  devices  is  addressed  to  talk,  it 

or  from  the  devices  to  the  host  computer,  and  gl<ri>al  m,m  respond  within  a  certain  period,  called  the  "time 

signals  are  special  messages  sent  to  the  entire  system.     35  Q^t"  period.  The  time  out,  *Tlt",  is  approximately  140 

In  the  preferred  embodiment  date  is  encoded  as  the  j^  26O  microseconds  (2  bit  cells).  The  selected  device,  if 

ratio  of  low  time  to  high  time  of  each  bit  cell.  A  bit  cell  j^  (Jq^j  ^q^  ^jmc  out,  becomes  active  on  the  bus  and 

boundary  is  defined  by  a  falling  edge  on  the  bus.  A  performs  its  date  transaction,  and  then  "untalks**  itself 

"zero"  is  encoded  as  a  bit  cell  in  which  the  low  time  is  and  goes  inactive  on  the  bus. 

greater  than  the  high  time.  This  is  shown  in  FIG.  2  by  40  Global  signals  are  used  for  transactions  which  are 

bit  cell  20.  Therefore,  a  "l"  is  defined  as  a  bit  cell  in  neither  commands  nor  date  transactions.  Global  signals 

which  the  low  time  is  less  that  the  high  time  as  shown  include:  attention  and  synch,  which  is  used  to  signal  the 

by  cell  21  of  FIG.  2.  In  the  present  preferred  embodi-  start  of  a  command  and  to  give  initial  bus  timing;  ser- 

ment,  a  start  bit  is  defined  as  a  "1".  A  stop  bit  is  a  **0"  vice  request,  a  transaction  that  devices  use  to  signal  the 

which  does  not  have  an  additional  falling  edgt  to  define  45  host  that  they  require  service;  and  reset,  used  to  issue  a 

the  bit  cell  time.  The  stop  bit  is  used  to  synchr(»jze  the  break  on  the  bus  by  holding  the  bu^t  low  for  a  minimum 

stopping  of  transactions  on  the  bus.  of  Tres",  which  is  approximately  2.8  to  5.2  millisec- 

The  period  for  each  bit  cell  of  command  signals  and  onds,  (40  bit  cells).  Global  signals  will  be  described  in 

low  speed  date  transmission  is  approximately  100  mi-  more  detail  in  conjunction  with  other  transactions, 

croseconds  plus  or  minus  30%.  For  high  speed  date  so  Since  a  peripheral  device  can  only  send  date  when  it 

transmission,  the  bit  cell  is  50  microseconds  plus  or  has  been  commanded  to  talk  by  the  host  computer,  the 

minus  1  %.  The  format  of  a  date  transaction  is  a  start  bit  present  system  provides  a  means  for  a  device  to  notify 

(1),  followed  by  up  to  256  bits  of  date  and  ending  with  the  host  computer  that  it  needs  servicing.  This  is  accom- 

a  stop  bit  It  will  be  appreciated  that  when  other  com-  plished  by  having  the  device  send  a  service  request 

munications  media  are  utilized,  other  signaling  methods  35  signal  to  the  host  computer.  In  the  present  invention,  a 

may  be  utilized.  service  request  is  sent  by  holding  the  bus  low  after  the 

Commands  are  sent  only  by  the  host.  In  the  preferred  stop  bit  of  any  command  transaction.  Each  of  the  pe- 
embodiment  of  the  present  mvention.  there  are  three  ripheral  devices  coupled  to  the  bus  include  a  number  of 
commands;  tallc^  listen,  and  flush.  As  shown  in  FIG.  6,  registers  (in  the  preferred  embodiment  four  registers).* 
to  signal  the  start  of  a  command,  an  attention  pulse  is  60  FIG.  3  shows  one  of  the  registers  for  a  peripheral  de- 
sent  out  An  attention  pulse  is  generated  by  the  host  vice.  Bit  A13  has  been  identified  as  the  service  request 
computer  by  trananitttng  a  bus  low  for  a  period  of  ei&ble  bit.  When  this  bit  is  set  high  by  the  host  com- 
•T-attn".  In  the  preferred  embodiment,  T-attn  is  ap-  puter,  the  device  is  enabled  to  hold  the  bus  low  after  the 
proximately  560-1040  microseconds.  The  attention  stop  bit  of  a  command  transaction,  as  shown  in  FIG.  6, 
pulse  is  followed  by  a  synch  pulse  to  give  the  initial  bus  65  if  the  device  needs  service.  A  device  will  keep  request- 
timing.  The  ff^owing  edge  of  the  synch  pulse  is  used  as  ing  service  until  it  receives  a  talk  command  from  the 
a  timing  reference  for  the  first  bit  of  the  command.  The  host  The  flow  chart  in  FIG.  4  shows  the  steps  foUowed 
nnmfnand  is  foUowed  by  a  stop  bit,  (in  the  preferred  by  a  ctevice  requiring  service. 
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the  command  stop  wt,  BloclL  au.  vaee  riu.  o;  *  n«**^  »"  !!ll«««^  .hh«w««m1  to  those  devices.  As  shown  m  FIG. 
vto  then  w«ts  until  U«n«tcon»nand  is  received  ftom  f^^ff^^^^^^^^  ^  Ae  device) 
thehosttoseeifitwiUbe  «idie»ed  to  talk.  Block  43.  3.  R^ter  3  M^ne  «^r^»«^  ^^^  ^^ 
If  the  conunand  is  «ldressed  to  the  devK^  Bmich^  T^^^^^^l^b  tells  the  host  con*- 
the  device  detennines  ^  «  »  »«'^  X^  13  pit^S^c^  of  a  device  and  the  use  of  daU  pro- 
51.Ifitisnotaconmiandtotalk,Bnndi52.tIieaevioe  is  P?|^r~^j.  Bits  A8  through  All  32,  are  an 
«d,  a  service  request.  Block  W,  performs  wh.tev«  v^y  ^  S'^  bTclum^  when  more  than 
comnund  is  inrtructed.  Block  58.  and  «wait.  the  ne«  ^^S  JS  thTsame  com^  address,  is  cou- 
comnund.  Block  43.  If  the  conunand  o  to  talk.  Branch  °°« "^JJ^^^^^^J  ^^^on,  one  of  the  soft  address 
53..hedevicesendsi^dat^BlockM^^^^tos^  g^«^^:^'^S„^t2^toX8  through  All  32  which 
service  request  to  be  satisfied.  Block  60.  The  devwe  20  ^°°°*"^  the  command  address  for  that  device, 
continues  to  monitor  itself  to  determine  when  it  needs  ^'".'^^"^l^MnoJtions  contain  a  random 
service.  Block  41.  By  allowmg  (he  host  computer  to  ""^J^^^^^"^  ^"  '^^Uon  of  collisions.  For 
control  the  service  request  enable  bit.  more  efBaert  ^^^iJ^JZ^^J^y^t^  M  command  and 
openuion  of  the  bus  U  realized.  When,  service  r^u«^  ^Eb^^Xr^t^s^e'neither  would  detect  a 
is^ved,  the  host  computer  need  "'^y/f'' *^^  "  S^K^^.  by  having  random  numbers  in  the 
vices  whose  service  request  bit  was  enabled  whether  f^^j""!  ""^f'^^'J^^  3 12,  the  output  of  the  two 
they  need  servicing  Additiondly,  t^*^^"^  fj^^  ^''ellS^^^.  When  thafoccurs,  one  of 
can  disable  certain  devices  that  are  not  required  for  ~;»^^^j^  Jj  ^  ^uision  and  stop  talking.  Bit 
particular  apphcations.  .„,  t.  e,,  m  a12  34  is  a  hish  speed  enable  bit  which  if  set,  provides 

In  FIG.  t  service  request  signal  generator  71  for  30  ^12  «  »^^^  modulation  rate  (50 

mouse  11  is  shown  in  block  diagram  form  coupled  to  ^5^^'°^'°°  ^x  4e  high  speed  enable  bit 
mouse  11.  Service requestsignd generator 72 for mou«  ™«°^°°^ hSt^Ser.  If  the  ho^Tajmputer  is 
12  is  shown  in  block  diagram  form  coupled  to  mo^ue  12.  b  set  by  ^I^^^^^P^i"^^^  modulation  rate,  it 
Service  request  signal  g««rator  73  for  sketch  pad  13  B  ^''^;° '^^tlt  to  low  i^  eachof  the  devices, 
shown  in  block  diagram  form  coupled  to  sketch  pad  13  35  «'^*' *^f^*^J,t  ^,e  to  accept  data  at  the  higher 
Service  request  signal  generator  74  for  k^bo^d"  °  ^^2^' '=^^^"3^"  ^rdevice  is  able  to  transmit  at  the 
shown  in  block  diagram  form  coupted  to  keyboard  14.  "°?"^*^°  ^^f  ^"^^tion  being  contained  in  the 
Service  request  signal  generators  75  for  respective  ex-        ^Bher  rate,  (t^t^^auo  g  ^  ^ 

tended  address  devices  15  are  shown  collectively  m        ^^^^J^*"  "X^fSh  for  the  deviL^ 

"°  J  'I  '  T"=  ""ts  "^"^       ""'  "■        S  S^ti^nS  Wt  AI3T  is  service  request  enable 

tended  address  devices  15.  ui- »„  rf,t.v-f  «,lli         which  is  set  by  the  host  to  enable  the  device  to  perform 

When  sending  daui.  th.  device  is  able  to  detect  coUi-        ™  ^^^^^  transaction.  Bits  A14  36  and  A15  37 

"TFiatcolli^onsensingcircuitmormousellb  "y^«^j°^;";^,"^  ,tlfL"*co™d  the  de- 
shown  in  block  '^^^^^^Z'^^^UiT^t        vicT5"v^Ss.I^^alerandaddress).othehost 

s°oSrx^"'?or^"e^^"r^>"--^^  -i^L'Sro^^rcT^^^ceTor 

85  for  resepective  extended  address  device  15  are  '^^''?^^^ S^^ere  has  been  a  collision, 

ri«mn  coUectively  in  FIG.  1  by  a  smgle  block  digram  dev^  ?Sf  ?^^diM(Ltalks  itself)  and  sets  an 

85  coupled  to  extended  address  devices  15.  If  a  per^  B^  ^  «  ^t^^™  a^lUsion.  Block  106.  The 
er.1  device  tries  to  output  a  1  and  Ae  data  Ime  is  or  go«i  55  ^^^8  SL»  ^  to  the  mouse  address.  Block  107. 

,0  a  0.  the  device  assumes  it  has  lost  a  colhsion  to  an-  ^°^.  »X,t,™d  r^ts  the  internal  collision  flag  of 

other  device.  This  means  that  another  device  b  also  ^^^J^f^^^^^J^^^it^  collfaion  Ht  is 

sendingonthebus.  Wb«.  this  happens  the  lo«ngde^«  *' t^^^l%]^  If^hTcoulSmb^rnotset,  Branch  109, 

untalks  itself  from  the  bus  and  preserves  the  da»  which  ^U  °'°='';^"^a8  through  All  to  the  soft  address 
was  being  sent  for  retransmi».on.  The  device  settjm  60  '»^^^^  ^'^/^j^'^^^o^     Block  HI.  In  this 

internal  flag  bit  if  it  loses  a  collision.  Pnor  art  penph^  E^l  the  ^ddrS  of  the  vSg  device  is  changed 

devices  were  unable  to  detect  coUisons.  This  novd  ^"  ^TJ^^^^p  °er  k^^^    tLk  of  the  new  ad- 

fe«ure  of  the  present  invention  penmjs  more  effic.«.t  r*  ^^Jf^.^^^^  \'Sn  bit  is  detected  by  the 

operation  of  the  communications  '""l.um.  By  havmg  ^'^  °y^^*^^„  M  .^mmand.  Branch  110,  the  de- 
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devices  lenuun  at  the  mouse  address.  In  this  sttuatioa 
the  remaining  mouse  will  send  its  start  bit.  Block  W2, 
not  detect  a  coilision.  Branch  105,  and  send  its  status 
from  register  3,  Block  112.  The  host  computer  will  send 
back  a  listen  R3  command  to  the  mouse  address.  Block  3 
107.  The  remaining  mouse  will  not  detect  a  collision  bit 
being  set  m  this  instance,  Branch  109,  so  It  will  change 
bits  A8  through  All  of  regbter  3  to  the  soft  address 
received  from  the  host  computer.  Block  111.  The  host 
computer  then  sends  out  another  talk  R3  command  to  10 
the  SK>use  address.  Block  101.  This  time,  since  no  mouse 
remains  at  that  address,  the  bus  is  timed  out  and  the  host 
computer  knows  that  it  has  assigned  new  widresses  to 
each  of  the  mice  sharing  the  mouse  address. 

In  one  embodiment  of  the  present  invention,  periph-  15 
eral  devices  have  a  device  on  them  to  indicate  activity 
called  the  activator.  The  activator  can  be  a  special  key 
on  a  keyboard  or  a  button  on  a  mouse=  When  more  than 
one  of  a  device  is  coupled  to  the  bus,  the  host  computer 
can  display  a  message  requesting  one  of  the  devices  to  20 
use  the  activator.  The  host  can  then  issue  a  listen  R3 
command  which  will  change  the  address  of  the  device 
which  is  activated.  In  this  manner  individual  devices 
can  be  located  and  assigned  new  addresses  in  multiuser 
^yplications.  23 

Thus,  a  peripheral  device  bus  has  been  described 
which  allows  a  plurality  of  peripheral  devices  to  be 
coupled  to  a  host  computer  through  a  single  port 
We  claim: 

1.  An  apparatus  for  transferring  signals  and  data,  30 
wherein  the  signals  and  data  are  transferred  under  the 
control  of  a  host  computer  from  the  host  computer  to 
first  and  second  peripheral  devices  and  from  the  first 
and  second  peripheral  devices  to  the  host  computer, 
wherein  the  signals  and  data  are  transferred  over  a  bus  33 
coupling  the  first  and  second  peripheral  devices  to  the 
host  computer,  and  wherein  the  bus  is  normally  in  a 
logical  first  state,  comprising: 
means,  coupled  to  the  first  peripheral  device,  contain- 
ing a  first  hard-wired  identification  number  as  a  40 
first  address  of  the  first  peripheral  device; 
means,  coupled  to  the  second  peripheral  device,  con- 
taining a  second  hard-wired  identification  number 
as  a  first  address  of  the  second  peripheral  device; 
means,  coupled  to  the  host  computer,  for  generating  45 
a  plurality  of  signals  for  transmission  over  the  bus 
to  at  least  one  of  the  peripheral  devices,  wherein 
the  plurahty  of  signals  comprise  an  attention  signal, 
a  synchronization  signal,  one  of  a  plurality  of  com- 
mands, and  a  stop  signal,  wherein  the  plurality  of  30 
signals  allow  the  host  computer  to  control  at  least 
one  of  the  peripheral  devices,  and  wherein  each  of 
the  plurality  of  commands  includes  an  address  of  at 
least  one  of  the  first  and  second  peripheral  devices 
to  which  the  command  is  directed;  33 

means,  coupled  to  the  first  peripheral  device,  for 
generating  a  first  service  request  signal  for  trans- 
mission to  the  host  computer  by  holding  the  bus  at 
a  logical  second  state  for  a  period  of  time  after 
transmission  of  the  stop  signal,  wherein  the  first  60 
service  request  signal  indicates  to  the  host  com- 
puter that  at  least  one  of  the  peripheral  des^ces  has 
data  to  send  to  the  host  computer  and  requests  a 
command  from  the  host  computer  that  would  per- 
mit the  peripheral  device  to  transmit  the  data  to  the  63 
host  computer,  and  wherein  the  transmission  of  the 
first  service  request  agnal  is  selectively  enabled 
and  disabled  by  the  host  computer; 


means,  o^pled  to  the  second  peripheral  device,  for 
generating  a  second  service  request  signal  for 
transmission  to  the  host  computer  by  holding  the 
bus  at  the  logical  second  state  for  a  period  of  time 
after  transmission  of  the  stop  «gnal,  wherein  the 
second  service  request  signal  indicates  to  the  host 
computer  that  at  least  one  of  the  peripheral  devices 
has  data  to  send  to  the  host  computer  and  requests 
a  command  from  the  host  computer  that  would 
permit  the  peripheral  device  to  transmit  the  data  to 
the  host  computer,  and  wherein  the  transmission  of 
the  service  request  signal  is  selectively  enabled  and 
disabled  by  the  host  computer; 

means,  coupled  to  the  host  computer,  for  transmitting 
data  from  the  host  computer  to  at  least  one  of  the 
peripheral  devices  over  the  bus; 

means,  coupled  to  the  first  peripheral  device,  for 
transmitting  data  over  the  bus  to  the  host  ccunputer 
from  the  first  peripheral  device  if  and  only  if  one  of 
the  plurality  of  commands  received  by  the  first 
peripheral  device  from  the  host  computer  is  a  com- 
mand to  transfer  data  from  the  first  peripheral  de- 
vice to  the  host  computer; 

means,  coupled  to  the  second  peripheral  device,  for 
transmitting  data  over  the  bus  to  the  host  computer 
from  the  second  peripheral  device  if  and  only  iif  one 
of  the  plurality  of  commands  received  by  the  sec- 
ond peripheral  device  is  a  command  to  transfer 
data  from  the  second  peripheral  device  to  the  host 
computer; 

first  collision  sensing  means,  coupled  to  the  first  pe- 
ripheral device,  for  setting  a  collision  detect  bit  to 
the  logical  first  state  from  the  logical  second  state 
when  the  first  peripheral  device  attempts  to  trans- 
mit data  in  the  logical  first  state  on  the  bus  but  the 
bus  is  in  or  goes  to  the  logical  second  state,  wherein 
the  first  peripheral  device  stops  transmitting  data 
after  the  collision  detect  bit  is  set  to  the  logical  first 
state,  and  wherein  the  first  collision  sensing  means 
provides  a  control  over  access  to  the  bus  by  the 
first  peripheral  device; 

second  collision  sensing  means,  coupled  to  the  second 
peripheral  device,  for  setting  a  collision  detect  bit 
to  the  logical  first  state  from  the  logical  second 
state  when  the  second  peripheral  device  attempts 
to  transmit  data  in  the  logical  first  state  on  the  bus 
but  the  bus  is  in  or  goes  to  the  logical  second  state, 
wherein  the  second  peripheral  device  stops  trans- 
mitting data  after  the  collision  detect  bit  is  set  to  the 
logical  first  state,  and  wherein  the  second  collision 
sensing  means  provides  a  control  over  access  to  the 
bus  by  the  second  peripheral  device  and 
means,  coupled  to  the  host  computer,  for  storing  (1)  a 
first  number  at  a  first  soft  address  location  and  (2  ) 
a  second  number  at  a  second  soft  address  location, 
wherein  if  a  collision  is  detected  and  is  the  result  of 
the  first  hard-wired  identification  number  being  the 
same  as  the  second  hard-wired  identification  num- 
ber, then  the  host  computer  (1)  sends  the  first  num- 
ber stored  at  the  first  soft  address  location  as  data 
over  the  bus  to  the  first  peripheral  device  for  stor- 
age by  the  first  peripheral  device  as  a  second  ad- 
dress of  the  first  peripheral  device  and  (2)  sends  the 
second  number  stored  at  the  second  soft  address 
location  as  data  over  the  bus  to  the  second  periph- 
eral device  for  storage  by  the  second  peripheral 
device  as  a  second  address  of  the  second  peripheral 


"APPLE_PAT_4_91 0_655_1 0"  339  KB  2000-02-22  dpi:  300h  x  300v  pix:  1 904h  x  2927v 


David  T  Craig    •    21  February  2004 


I  Page  0387  of  0515 


Apple  Computer  Selected  Patents 


4,910,655  _ 

11  12 

device,  wherein  the  first  number  is  different  fron  S.  The  appmtus  at  dam  4  for  transfciting  sipiaU 

the  second  number.  Mid  d«ta»  wherein  the  logical  first  state  is  a  logical  high 

X  The  apparatus  of  claim  1  for  transferring  signals  state  and  the  logical  second  state  is  a  logical  low  state. 

and  data,  wherein  «.  The  apparatus  of  claim  5  for  transferring  stgna^ 

ttie  first  perirheral  device  inchides  a  register  for  stor-  5  and  data,  wherein  at  least  one  of  the  first  and  second 

ing  the  first  number  as  the  second  address  of  the  peripheral  devices  comprises  a  mouse. 

first  peripheral  device,  and  7.  The  apparatus  of  chiim  5  for  transferrmg  signab 

tbe  second  peripheral  device  uicludes  a  register  ft>r  and  data,  wherein  at  least  one  of  the  first  and  second 

storing  the  second  number  ac  die  second  address  of  peripheral  devices  comprises  a  sketch  pad. 

the  second  peripheral  device.                                 10  g.  The  apparatus  of  claim  5  for  transferring  signals 

3.  The  apparatus  of  claim  2  fbr  transferring  ngnals  and  date-  wherein  at  least  one  of  the  first  and  second 
and  data,  wherein  peripheral  devices  comprises  a  keyboard. 

the  means  for  generating  the  first  service  request  9.  xhe  apparatus  of  claim  5  for  transferring  signals 

signal  includes  a  first  service  request  enable  bit  that  ^^  <}ata,  wherein  the  first  and  second  collision  sensing 

can  be  selcctivdy  set  by  the  hc»t  computer  to  the  13  means  each  includes  pulse  detection  circuitry  for  de- 

logical  first  state  and  the  bgical  second  Htate,  tecting  that  the  signal  on  the  bus  is  in  a  logical  low  state, 

wherein  if  the  host  computer  sets  the  first  service  10,  Yhe  apparatus  of  claim  9  for  transferring  signals 

request  enable  bit  to  the  logical  first  state,  the  3^^  ^^^  wherein  the  signals  sent  over  the  bus  are  in  a 

means  for  generating  the  first  service  request  signal  retum-to-zero  encoding  format 

is  enabled  to  send  the  service  request  signal  to  the  M  jj  i^^  apparatus  of  claim  5  for  transferring  ^gnals 

host  computer,  wherein  if  the  host  computer  sets  ^^^j  ^^  wherein  the  plurality  of  commands  comprise 

the  first  service  request  enable  bit  to  the  logical  ^  ^^^  command,  a  listen  command,  and  a  flush  com- 

second  state,  the  means  for  generating  the  first  mand. 

service  request  signal  is  disabled  firom  sending  the  ^  j^^  apparatus  of  claim  5  for  transferring  signals 

first  service  request  signal  to  the  host  computer,  23  ^^  ^^  wherein 

and  the  means  for  transmitting  data  from  the  first  periph- 

the  means  for  generating  the  second  service  request  ^^  device  includes  a  first  high  speed  enable  bit 

signal  includes  a  second  service  request  enable  bit  ^^  ^  ^^^  computer  can  selectively  set  to  the 

that  can  be  selectively  set  by  the  host  computer  to  logical  first  state  and  the  logical  second  state, 

the  logical  first  stote  and  the  logical  second  state.  30  therein  if  the  first  higfc  speed  enable  bit  is  set  to  the 

wherein  if  the  host  computer  sets  the  second  s^-  j     .^  ^^^  ^^^  ^^  ^^  j^^  peripheral  device 

vice  request  enable  bit  to  the  logical  first  state,  the  ^^  transmitting  means  transmits  date  at  a  first 

means  for  generating  the  second  service  request  modulation  rate,  wherein  if  the  first  high  speed 

signal  is  enabled  to  send  the  senvce  request  signal  ^^^^  ^.^  ^  ^^  ^^  ^^  ^^^^  ^^^^  ^^^^^  ^hen  the 

to  the  host  computer,  wherem  if  the  host  computer  35  ^^  peripheral  device  date  transmitting  means 

sets  the  second  service  request  enable  bit  to  the  transmits  date  at  a  second  modulation  rate;  and 

logical  second  stete.  the  m<^  for  g^watmg  the  ^^  ^^^  ^^^  transmitting  date  from  the  second  pe- 

sccond  service  requat  signal  is  disabled  from  send-  ^  ^^^^  ^^^.^^  .^^^^^^  ^  ^^^^  ^^^  ^p^  ^^^^le 

ing  the  second  service  request  signal  to  the  host  ^^  h  ^^^^  ^^^  ^^^  computer  can  selectively  set  to  the 

computer.                                          „     -        .      ,  loeical  first  stete  and  the  logical  second  stete, 

4.  The  apparatus  of  claim  3  for  transferring  signals  X^i„  ^he  S«,nd  high  speed  enable  bit  is  set  to 
and  data,  wherem         .   .      ^  ^   .       .u    «„,  ,«ri„»,  the  logical  first  state,  then  the  second  peripheral 

the  means  for  transmittmg  daU  fram  the  fust  penph-  device  data  transmitting  means  transmits  data  at 

enU  device  includes  an  mtemal  flag  t»t  that  =an  be  ^^fcrmodUation  n^,  wherein  if  the  second 

selectively  set  by  ^  ,^.P^j}^  ^^^'JZ  S^  speed  enable  bit  is  set  to  the  logical  second 

transmittmg  means  to  the  logical  fi«tstateand  the  ^  P^                  peripheral  device  data  trans- 

logKal  second  state,  wherem  the  fn^t  PenphenJ  ^^g  „,eans  transmiida^  at  the  second  modula- 

device  dautransmittog  means «« .he  m^fl^  ^l^Therein  the  first  modulation  rate  is 

bit  to  the  logical  first  stete  if  the  first  penpnerai  "y"  '"'*;'  «^„i«ri/%«  *«*. 

device  has  dia  to  send  to  the  host  computer,  and  50  ^higher  than  the  s«;ond  "'^f''^^^^^  .^^. 

~     .     .  "^      ^T\     .  ,     .  .  j«*«  *«.«,^;t  13.  The  apparatus  of  claim  12  for  transferrmg  signals 

^^Ti^s^thTSS  C"t  tfui^^  -"ddata,  wE  the  logical  first  state  is  a  logical  high 

^^.e^  *  th^l^p^ph^  de4e  ^  state  and  the  logical  s«=ond  state  is  a  'ogjcad  low  sute^ 

^^rt^g  means  has  senith?  data  to  the  host  14  The  apparatus  of  claim  2  for  tranrfer™«  ^g^ 

^^~      ©                                                               ^^  ^^  ^^  further  compnsmg  a  third  pcnpherai  device 

the'^sTir'^Lsmitting  data  from  the  second  pe-  ~upled  tV''^•r  '°°''?'?J')L^n,''thatTnc7«^ 

ripheral  device  includes  an  internal  flag  bit  that  can  third  pwiphera^  device  includes  means  that  mcluto  U) 

S=  selectively  set  by  the  second  peripheral  device  a  third  hard-wired  ''*=«'f'<=ft""'."'™'7,!*  »/;"' ^ 

data  transmitting  means  to  the  logical  first  state  and  dress  of  the  third  peripheral  device  and  (2  )  »  "^"^ 

Z  logical  sec^d  state,  wherein  the  second  pe-  60  for  storing  a  third  number  =^  an  extended  addr^  ofthe 

ripherS  device  data  transmitting  means  sets  the  third  peripheral  devKC.  wherem  when  the  host  com- 

biemal  flag  bit  to  the  logical  state  if  the  second  puter  sends  over  the  bus  the  first  address  of  the  third 

^SraTdevice  has  data  tt  send  to  the  host  com-  peripheral  device  f-d  "signal  that  matches  the  e.- 

^.  and  whciein  the  second  peripheral  device  tended  address  of  the  thud  peripheral  device  the  third 
dautransmittiag  means  sets  the  internal  flag  bit  to  63  peripheral  device  is  mitiaUy  acttvated,  and  wher^ 

the  logical  secOTd  state  after  the  second  peripheral  when  the  host  compute  then  srads  over  the  bus  a  s«*- 

devicTdatt  transmitting  means  has  sent  the  data  to  sequait  command  to  the  first  address  of  the  third  pe- 

SetottoDi^iW^  "l*«^  ''*'«*•  **  «»n°»°«*  ■»  wecuted  by  the  third 
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peripheral  device  wtthoot  the  host  computer  sendmg 
the  extended  address  of  the  third  peripheral  device. 

15.  The  apparstua  of  claim  14  for  transferring  signals 
and  data,  furUier  comprising  a  fourA  peripheral  device 
coupled  to  the  host  computer  by  the  bus,  wherem  the 
fourth  peripheral  device  includes  means  that  includes 
(1)  the  third  hard-wired  identification  number  as  a  fim 
address  of  the  fourth  peripheral  device  and  (2)  a  register 
for  storing  a  fourth  number  as  an  extended  address  of 
the  fourth  peripheral  device,  wherein  the  fourth  num- 
ber is  different  firom  the  third  number,  wherein  when 
the  host  computer  sends  over  the  bus  the  extended 
address  of  the  fourth  peripheral  device  after  the  third 
peripheral  device  has  been  activated,  the  fourth  periph- 
eral device  is  initiaUy  activated  and  the  third  peripheral 


10 


15 


14 


device  is  deactivated,  and  wherein  when  the  host  com- 
puter &en  sends  over  the  bus  a  subsequetU  command  to 
the  first  address  of  the  fourth  peripheral  device,  the 
command  is  executed  by  the  fourth  peripheral  device 
without  the  host  computer  sending  the  extended  ad- 
dress of  the  fourth  peripheral  device. 

16.  The  apparatus  of  claim  15  for  transferring  rignals 
and  data,  wherein  at  least  one  of  the  first  and  seccmd 
peripheral  devices  comprises  an  appliance. 

17.  The  apparatus  of  claim  15  for  transferring  signab 
and  data,  wherein  at  least  one  of  the  first  and  seomd 
peripheral  devices  comprises  a  system  protection  de- 
vice. 
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[57]  ABSTRACT 

An  apparatus  for  generating  an  analog  audio  signal  and 
a  speed  control  signal  for  a  disk  drive  for  use  with  a 
microprocessor  having  a  RAM  which  provides  a  video 
signal  for  a  raster  scanned  display.  Direct  addressing  to 
the  RAM  is  used  during  horizontal  blanking  periods  to 
allow  data  to  be  read  from  the  RAM  and  used  to  gener- 
ate the  audio  and  speed  control  signals.  The  data  is 
updated  during  the  blanking  periods.  The  speed  control 
signal  to  the  disk  controller  vanes  as  a  function  of  track 
(radius). 
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1  2 

unifonn  flux  density  transittons  are  used.  This  requires 

SOUND  GENERATION  AND  DISK  SPEED  that  the  rate  of  rotttion  of  the  disk  be  made  a  fiinction 

CONTROL  APPARATUS  FOR  USE  WITH  of  the  radhis  of  the  particular  track  being  fir^^^iwH  The 

COMPUTER  SYSTEMS  present  invention  provides  such  a  feature. 

3 

This  is  a  continuation  of  appUcation  Ser.  No.  573,132  SUMMARY  OF  THE  INVENTION 

fUed  Jan.  2a  1984  now  abandoned.  The  present  invention  provides  an  apparatus  for  use 

BACKGROUND  OF  THE  INVENTION  ^^  *  computer  system  which  includes  a  microproces- 

t   IT  u    r  u    r         •  "^^  ""*  random-access  memory  (RAM),  particularly 

I.  Field  of  the  Invention                                               10  where  a  raster  scanned  display  is  used  with  the  com- 

The  mvcntion  relates  to  a  sound  generation  apf»ra-  pm^r  system.  Addressing  means  are  used  for  directly 

tus,  particularly  one  employed  with  a  computer  system  accessing  predetermined  locations  in  the  RAM,  espe- 

which  mcludes  a  raster  scanned  display  and  a  disk  speed  ciaily  during  the  horizontal  blanking  period.  The  ad- 

"*?^*'*?!f*^                                                             .  dressing  means  also  permits  data  in  these  same  locations 


2.  Prior  Art  '3  nj  j^  updated  during  the  blanking  periods.  The  data 

TTiere  are  count^csswelKknoi^  techmques  for  g«-        stored  in  these  locations  is  converted  from  its  digital 

S;^?!!^*^!!^  *^  "T^  ^  "^"f  I  fonn  to  an  «iaiog  signal  A  pulse  is  initiated  when  the 
^LTZ  ^^.    ^  approaches  where  digi^       ^^  f^^  ^^^  -J^^  ^  ^^^  ^^   ^  ^ 

of  the  audio  signal,  to  the  more  complex  vocoder  tech- 20  „,u„„#  „.. ■. ^^^  .   .,         ...      , 

niques  where  Snsfer  functions  rcr-rLotative  of  voice  "^^^  ^^  "*  "*^«~^  "^.^^^  "^"^  audio  «gn|a. 
ai^  used.  As  will  be  seen,  the  present  invention  converts  „  JlrV™^'  ^^^T"^^^  data  signals  for  the 
a  digital  signal  to  an  analog  (audio)  signal,  although  this  ^  ^^^^  ^^^^  tone  by  addmg  a  predetermined  num- 
conversion  Uoniy  one  as^t  of  the  ^t  inv^tion.        ^  ^/  stored  number.  The  most  significant  b,U  of  this 

Most  often,  computer  systems,  p^cularly  smaller  23  »™^«>^y  a  locanon  in  a  look-up  table  and  i^^^^ 
systems  (e.g.,  personal  computers)  employ  raster  tant  (digital)  data  si^  is  then  stored  m  RAM.  The 
scanned  displays.  The  computer  generates  the  video  Predetenmncd  number  is  repeatedly  added  to  the  stored 
information  and  stores  it  in  a  random-access  memory  °"fl^«'*'  ^"^^"^^  *^**  °^  ^^  *^^  "^'^  ^°^  ^ 
(RAM).  Counters  synchronize  with  the  horizontal  and  ^^^^-  ^^^  "^'^  complex  tones,  a  number  of  predeter- 
vcrtical  synchronization  signals  address  the  memory  to  30  °^^  numbers  and  stored  numbers  are  used  along  with 
provide  display  synchronized  data  signals  from  the        a  plurahty  of  look-up  tables. 

memory.  These  sipnals  are  converted  to  a  video  signal  ^'  present  mv^tion  also  provides  an  apparatus  for 

for  instance,  through  a  shift  register.  In  some  cases,  the  controlling  the  rate  of  rotation  of  a  disk.  The  addressing 
memory  is  "bit  mapped"  and  the  output  from  the  mem-  meaa*  used  in  conjunction  with  the  sound  generation 
ory  is  directly  used  to  generate  the  video  signal.  In  35  apparatus  are  used  as  part  ofthe  disk  control  apparatus. 
oUier  cases,  the  output  from  the  memory  addresses  a  gRIEF  DESCRIPTION  OF  THE  DRAWINGS 

ctiaracter  generation  which  is  scanned  to  provide  video 

signals.  FIG.  1  is  a  block  diagram  of  the  computer  system  and 

A  considerable  amount  of  data  from  RAM  is  required        illustrates  the  address  multiplexing  used  in  conjunction 
to  generate  a  video  display,  particularly  in  a  dynamic,  40  ^*^  ^*  present  invention. 

graphics  (non-text)  mode.  In  the  personal  computer  ^^-  2  is  a  timing  diagram  used  to  describe  times  at 

field,  or  small  business  computer  field,  where  micro-        which  the  digital  signals  representative  of  sound  arc 
processors  are  used  along  with  dynamic  RAMs,  the        accessed  from  the  RAM  and  times  at  which  they  are 
generation  of  a  video  display  consumes  a  relatively        updated  in  the  RAM. 
large  amount  of  processor  and  memory  time.  It  is  thus  45      ^G.  3  is  a  block  diagram  of  a  counter  used  to  gencr- 

difficult  to  provide  an  audio  signal,  particularly  a  com-        ate  the  audio  signals. 

plea  audio  signal  in  a  display  mode.  FIG.  4  illustrates  waveforms  generated  from  the 

As  v'-ill  be  seen,  the  present  invention  provides  an        counter  of  FIG.  3. 

apparatus  for  generating  audio  signals  in  conjunction  ^G-  '  is  a  flow  diagram  used  to  describe  the  method 

with  a  microprocessor  and  RAM  simultaneously  with  50  hy  which  data  signals  are  produced. 

the  generation  of  video  signals.  The  audio  signals  are  FIG.  6  is  a  block  diagram  and  schematic  ofthe  circuit 

generated  without  disrupting  the  video  display  or  com-        for  providing  the  audio  signal  and  volume  control. 

puter  operation,  and  importantly,  with  a  minimum  of  FIG.  7  is  a  flow  diagram  illustrating  the  method  by 

hardware  and  processor  time.  which  data  signals  are  provided  for  four  tones. 

Typically,  in  floppy  disk  drives,  some  mechanism  is  55      FIG.  8  is  a  flow  diagram  illustrating  the  method  by 

employed  to  drive  the  floppy  disk  motor  at  a  constant        which  data  signals  are  generated  for  a  "non  harmonic" 

speed.  When  the  floppy  disk  drive  is  manufactured.        audio  signal. 

certain  caUbration  steps  are  often  used  to  assure  that  the  FIG.  9  is  a  block  diagram  illustrating  the  general 

floppy  disk  drive  runs  at  a  predetermined  rate  of  rota-        interconnection  between  the  computer  of  FIG.  1  and  a 

tion.  This  requires,  in  addition  to  the  calibration  steps.  60  disk  drive  motor. 

relatively  costiy  speed  control  mechanisms.  As  will  be  FIG.  10  is  a  block  diagram  illustrating  part  of  the 

seen,  in  the  present  invention,  the  computer  is  used  to        circuit  used  to  generate  the  speed  control  signal  for  the 

sense  the  rate  of  rotation  of  the  disk  drive  and  then        disk  drive. 

provides  a  control  signal  to  adjust  the  disk  drive's  rate  FIG.  11  is  a  block  diagram  illustrating  an  additional 

of  rotation.  This  eliminates  the  prior  art  calibration  and  65  portion  of  the  circuit  used  for  generating  the  speed 

also  the  prior  art's  speed  control  mechanism.  control  signal  for  the  disk  drive. 

It  has  been  suggested  in  the  prior  art  that  better  utiU-  FIG.  12  is  a  graph  iUustrating  development  of  the 

zation  of  floppy  disks  or  other  disks  can  be  obtained  if       speed  control  signal 
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DETAILED  DESCRIPTION  OF  THE 
.hT/ENTION 

An  apparmtus  for  generating  audio  signals  in  conjunc- 
uon  with  a  ccnaputer  system  particularly  one  which 
generates  signals  for  a  raster  scanned  display  and  for 
generating  a  motor  speed  control  signal  is  described.  In 
the  following  description  numerous  specific  details  are 
set  forth  such  as  specific  &equencies,  number  of  lines, 
C(Mnmercial  part  numbers,  etc  to  provide  a  thorough 
understanding  of  the  present  invention.  However,  it 
wiU  be  obvious  to  one  skilled  in  the  art  that  the  present 
invention  may  be  practiced  without  these  specific  de- 
tails. In  other  in<tancy^,  weU-known  circuits  have  been 
skjwn  in  block  diagram  form  in  order  not  to  unneces- 
sarily obscure  the  present  invention. 

DEFINITION 
In  the  following  description,  the  term  ^audio  or 


10 


15 


nalt  as  will  be  described  in  conjunction  with  FIG.  2, 
multiplexer  21  selects  the  highest  order  7  bits  from  the 
counter  22  and  forces  the  memory  to  this  address.  This 
requires  that  the  sound  and  disk  speed  data  be  stored  in 
dedicated  and  consecutive  locations  of  the  RAM  and 
permits  easier  access  by  the  microprocessor  when  this 
data  is  updated.  A  latch,  not  shown,  provides  an  addi- 
tional bit  input  to  the  address  lines  of  the  multipiexer  21 
to  cause  direct  access  to  a  second  page  of  sound  dau  in 
RAM  11. 

The  video  counter  22  which  consists  of  two  Part  No*. 
74LS393  provides  a  digital  video  count  which  corre- 
sponds to  the  beam's  position  on  a  raster  scanned  dis- 
play and  additional  counts  for  the  horizontal  and  verti- 
cal restore  (blanking)  periods.  The  timing  signals  which 
operate  this  counter  along  with  the  reset  signals  are 
generated  by  the  PALS  23. 

The  PALS  73  consist  of  three  program  array  logic 
chips.  They  receive  the  crystal  controlled  16  mHz  osdl- 


sound  dau  signal*'  or  **sound  dau"  is  used  to  identify  a  20  lator  signal  from  oscillator  31.  The  PALS  23  generate 

from  this  signal  the  standard  memory  signals  such  as 
RAS/,  CAS/,  and  the  well-known  timing  signals  used 
by  the  microprocessor.  They  also  provide  the  horizon- 
tal synchronization  signal  (HSYNC/)  and  the  vertical 
25  synchronization  signal  (VSYNC/).  These  signals  are 
coupled  to  the  display  on  lines  32.  Other  clocking  sig- 
nals used  throughout  the  memory,  such  as  the  8  MHz 
clocking  signal  used  by  the  counters  of  FIG.  3  and  the 
clocking  signal  used  by  the  disk  motor  speed  controller 


digital  signal  which  is  converted  to  an  analog  (audio) 
signal.  The  term  motor  speed  control  refers  to  the  con- 
trol of  rate  of  roUtion  of  a  motor  or  dislf.  driven  b>*  the 
motor. 

GENERAL  ARCHITECTURE 

The  present  invention  is  currently  realized  as  part  of 
a  computer  system  (personal  computer  or  small  business 
computer)  employing  a  Pan  No.  68000  microprocessor. 


The  address  hues  and  daU  lines  for  this  microprocessor  30  arc  generated  within  the  PALS  23. 


10  are  shown  in  FIG.  L  The  other  well-known  lines 
coupled  to  this  processor  are  not  shown  in  FIG.  1.  The 
microprocessor  10  is  coupled  to  a  random-access  mem- 
ory (RAM)  11  comprising  sixteen  64K  dynamic  mcm- 
^  "chips".  The  data  lines  0-15  intercormcct  the  mi-  35 
.oprocessor  10  and  RAM  11  to  permit  dau  to  flow 
from  the  processor  into  the  RAM.  The  data  from  the 
RAM  is  coupled  through  the  RAM  daU  buffer  13  into 
the  processor,  also  data  is  coupled  from  the  RAM  11  to 


disk  motor  speed  controller  27,  video  shift  register  28  40  invention. 


Two  32Kx8  ROMS  17  are  employed  in  the  pres- 
ently preferred  embodiment.  They  provide  storage  for 
diagnostics,  initialization  and  other  functions  not  rele- 
vant to  the  present  invention. 

The  disk  controller  18  provides  an  interface  to  a 
floppy  disk  drive.  The  controller  is  described  in  more 
detail  in  copending  apphcation  Ser.  No.  573,067,  filed 
Jan.  24.  1984,  entitled  Integrated  Floppy  Disk  Drive 
Controller,  and  assigned  to  the  assignee  of  the  present 


and  sound  counters  29.  The  latter  counters  will  be  de- 
scribed in  detail  in  conjimction  with  FIG.  3.  Data  is  also 
received  by  the  microprocessor  10  from  the  read-only 
memory  (ROM)  17  when  the  ROM  is  enabled  (RO- 
^.MEN/).  Similarly,  daU  is  transferred  to  and  from  the  45 
disk  controller  18  when  the  disk  controller  18  is  enabled 
by  a  signal  on  Une  35.  This  signal,  as  is  the  ROMEN/ 
signal  is  generated  within  the  PALS  23.  DaU  is  likevkose 
coupled  to  and  from  the  microprocessor  10  to  a  serial 
communicatioas  controller  14  and  an  interface  adapter  50 
15  (Coimnerciai  Part  Nos.  8530  and  6522.  respectively). 
Addresses  from  the  microprocessor  10  are  coupled  to 
the  ROM  17,  PALS  23  and  RAM  address  multiplexer 

20.  Some  of  the  address  signals,  as  indicated,  are  also  ._  . 

coupled  to  the  disk  controUer  18.  serial  communications  55  horizontal  scan.  This  corresponds *^to' 44 "sixteen 


controller  14  and  interface  adapter  15. 

The  RAM  address  muldplexer  20  permits  the  RAM 
to  be  addressed  cither  by  the  microprocessor  10  or 
directly  by  the  count  stored  in  the  video  counter  22. 
During  the  time  when  the  video  signal  is  "painting"  the  60 
screen,  the  multiplexer  20  selects  the  video  counter  22, 
thus  allowing  the  counter  to  directly  address  the  RAM 
11.  (A  signal  from  PALS  23  controls  this  selection.) 
During  other  times,  the  RAM  address  multiplexer  20 
permits  the  microprocessor  10  to  directly  access  the  65 
Nivi.  11.  The  second  address  multiplexer  21  as  is  multi- 
xer  20  is  controlled  by  a  signal  from  the  PALS  23. 
During  the  last  portion  of  the  horizontal  blanking  sig- 


The  adapter  coraraxmicates  with  the  keyboard  24.  A 
mouse  25  provides  cursor  input  and  switching  informa- 
tion to  both  the  controller  14  and  adapter  15.  A  volume 
control  knob  is  drawn  on  the  graphics  screen  and  is 
controlled  by  the  mouse  to  provide  three  bits  of  binary 
dau  on  lines  37.  As  will  be  described  in  conjunction 
with  FIG,  6,  these  three  bits  are  used  for  a  static  volume 
control  for  the  audio  signal 

VIDEO  TIMING 

In  the  presently  preferred  embodiment,  horizontal 
scanning  occurs  at  a  rate  of  22,256.84398  Hz.  Vertical 
scanning  occurs  at  a  rate  of  60  Hz.  Each  frame  consists 
of  370  scan  lines  and  there  are  704  pixels,  or  dots,  per 
'      '         '  ""■  bit 

words  from  the  RAM  11.  Thus,  the  main  clock  rate 
from  oscillator  31  shown  as  16  mHz  is  more  accurately 
15.6672  mHz. 

Referring  to  FIG.  2,  on  the  display  itself  there  are  512 
"live"  pixels  in  the  horizontal  direction  and  342  lines  on 
the  screen.  The  192  rcniaining  bits  during  each  horizon- 
tal scan  is  the  horizontal  blanking  period  sometimes 
referred  to  as  the  **flyback-  time.  It  b  during  this  period 
of  time  that  the  beam  current  in  a  cathode  ray  tube  is 
lowered  and  the  beam  brought  back  from  one  side  of 
the  screen  to  the  other.  In  the  vertical  direction,  m 
addition  to  342  lines  on  the  display,  there  are  28  addi- 
tional periods  during  which  time  the  vertical  blanking 
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currency  inqjlemented  ind  preferred,  the  vertical  syn- 
chroniTatkm  signal  (retrace  signal)  initiateii  the  souimI 
data  updating.  By  using  this  signal  and  by  updating  the 
locations  already  accessed  (e.g.,  beginning  at  the  loca- 
tion used  at  line  39,  time  41)  updating  docs  not  interfere 
with  tlw  reading  of  the  sound  data.  The  software  pro- 
gram assures  thai  the  updating  remains  ahead  of  the 
rcadin-;  of  the  sound  data.  If  the  microprocessor  up- 
dates the  sound  data  without  being  synchronized  with 
the  display,  data  could  be  replaced  before  being  used. 
Also  this  arrangement  frees  the  software  from  the  re- 
quirement of  being  time  synchronized  with  the  sound 
for  updating  the  data. 

AITDIO  SIGNAL  GENERATION 

The  eight  sound  data  bits  representing  the  audio  sig- 
nal are  shifted  in  parallel  into  two  four  bit  counters  46 
and  47,  shown  in  FIG.  3.  These  are  commercial  count- 
ers (Part  No.  161).  The  counters  are  clocked  by  the  8 


occurs,  that  is,  the  beam  current  is  again  reduced  and 
the  beam  returned  from  the  lower  part  of  the  screen  to 
the  upper  part  of  the  screen. 

In  FIG.  2,  time  is  shown  from  left  to  right  by,  for 
mstance,  the  dotted  line  39.  On  the  first  scan,  after  512  3 
bits  have  been  displayed,  the  time  represented  by  line  40 
is  reached,  and  blanking  occurs.  During  blanking,  it  is 
not  necessary  for  the  RAM  11  to  furnish  data  for  the 
display.  Prior  to  the  time  40,  referring  to  FIG.  1,  the 
count  from  counter  22  accesses  the  RAM  11  through  10 
the  RAM  address  multiplexer  20.  This  occurs  for  each 
of  the  lines  in  the  display.  (The  counter  22  maintain* 
both  a  horizontal  and  vertical  count.)  The  counters  do 
not  increment  in  the  normal  sense  during  the  horizontal 
blauking  period.  Rather,  four  bits  of  the  video  counter  13 
are  reused  for  counting  during  this  period.  This  elimi- 
nates address  gaps  for  the  sound  data.  When  time  40  is 
reached  for  each  of  the  scan  lines,  a  timing  signal  from 
the  PALS  23  causes  the  multiplexer  20  to  accept  ad- 
dresses from  the  microprocessor  10.  During  the  next  M  mHz  clocking  signal  on  line  48.  Counting  continues  in 
192  counts  of  the  16  mHz  clock,  except  for  the  last  these  counters  until  overflow  which  is  sensed  on  line  49. 
count,  the  microprocessor  is  free  to  access  the  RAM  Thus,  if  all  zeroes  are  placed  in  the  counters,  a  longer 
and  thus  can  perfonn  tasks  unrelated  to  the  display.  period  oftimc  is  required  until  overflow  (approximately 
When  the  last  count  in  each  of  the  scan  lines  is  reached,  32  >isec.)  whereas  overflow  can  occur  as  soon  as  one 
a  signal  from  the  PALS  23  causes  the  counter  22  23  cycle  of  the  8  mHz  clock  if  all  ones  are  loaded  into  the 
through  multiplexer  21  to  directly  access  the  memory        counters. 

11.  At  this  time,  the  sixteen  bit  word  from  RAM  11  The  audio  waveform  is  developed  by  first  generating 

(time  41  of  FIG.  2)  is  read  from  the  memory  with  8  bits  pulses  the  widths  of  which  are  a  function  of  the  time 
going  to  the  disk  motor  speed  controller  27  and  8  bits  to  between  the  loading  of  the  eight  bits  into  the  counteis 
the  sound  counters  29  (as  will  be  seen,  only  six  bits  are  30  46  and  47  and  overflow.  For  instance,  as  shown  by  FIG. 
used  by  the  disk  motor  speed  controller  27.)  During  the  4,  the  leading  edge  52  of  a  pulse  occurs  upon  loading  of 
"screen  time"  shown  in  FIG.  2,  the  sixteen  bit  words  sound  data  into  the  counters.  If  all  zeroes  are  loaded, 
from  the  memory  are  placed  in  the  video  shift  register  then  approximately  32  ^tsec.  later,  overflow  occurs  and 
28  and  used  to  provide  the  video  signal.  The  PALS  23,  the  pulse  ends  as  indicated  by  the  trailing  edge  54.  One 
as  mentioned,  on  line  32  provide  the  horizontal  and  33  pulse  is  generated  during  each  horizontal  sweep  smce 
vertical  synchronization  signal  used  in  conjunction  with  one  eight  bit  sound  data  word  is  loaded  into  the  count- 
the  signal  from  the  shift  register  28  to  control  the  video  ers  during  each  sweep.  Therefore,  pulses  are  generated 
display.  at  a  frequency  of  approximately  22,000  Hz,  and  in  the- 

When  the  342nd  scan  line  is  reached  (shown  as  line  ory,  this  provides  a  bandwidth  of  approximately  1 1,000 
43)  and  at  time  40  along  this  line,  the  multiplexer  20  40  Hz.  In  FIG.  4,  a  second  pulse  56  is  shown  which  has  a 
again  allows  the  microprocessor  10  to  access  the  RAM  substantially  reduced  width.  This,  of  course,  would 
11.  However,  at  the  end  of  line  43  and  for  the  remaining  occur  when  a  larger  number  is  placed  into  the  counters 
period  of  the  vertical  blanking,  the  multiplexer  21  still  46  and  47.  The  pulse  57,  which  is  shown  occurring 
forces  9  bits  of  address  into  the  RAM  11  at  time  41  to  during  a  third  sweep,  has  a  width  which  falls  between 
allow  the  16  bit  word  to  be  supplied  to  the  speed  con-  45  the  first  and  second  pulses. 


troUer  27  and  counters  29.  (Jbc  lines  RAO  to  RA6  are 
time  multiplexed  to  provide  these  address  signals.)  Dur- 
ing the  vertical  blanking,  the  microprocessor  10  is  able 
to  access  the  RAM  11,  except  for  the  last  count  of  each 
line.  It  is  during  this  period  of  time  as  will  be  described 
that  the  disk  motor  speed  control  data  and  sound  data 
stored  in  the  RAM  11  is  updated. 

The  multiplexer  21  with  its  nine  bit  address  defines 
contiguous  locations  in  memory,  thus  allowing  all  the 


The  pulses  are  integrated  using  an  ordinary  integrator 
to  provide  the  analog  signal.  The  integrator  60  of  FIG. 
6  receives  a  load  signal  and  the  overflow  signal;  the 
waveform  61  shown  in  FIG.  4  is  developed  within  the 
SO  integrator  60.  Waveform  61  represents  the  resultant 
integration  of  the  pulses  shown  in  FIG.  4. 

The  three  bits  of  information  (bits  37fl;  376  and  37c) 
from  the  interface  adapter  55  are  used  to  allow  a  user  to 
statically  control  volume.  The  amplifiers  63,  64  and  65 


sound  and  motor  speed  data  to  be  more  easily  accessed  53  are  switched  (on  or  off)  to  permit  the  output  ampHtude 
and  updated  by  the  processor  10.  Note  that  the  storage  — 

location  in  the  RAM  11  for  the  sound  and  speed  control 
data  will  be  in  a  different  location  than  the  screen  data. 

As  currently  implemented,  during  "live"  video  the 
microprocessor  and  video  display  signal  transfers  time  60 
share  the  data  bus  in  alternating  cycles.  During  horizon- 
tal blanking  (for  words  32  to  42)  the  microprocessor 
alone  has  access  to  the  data  bus.  At  time  41  of  FIG.  2 
(43rd  word)  the  microprocessor  and  sound/speed  data 
transfer  time  share  the  data  bus  in  alternate  cycles.         63 

It  is  possible  for  the  microprocessor  to  update  the 
sound  data  and  speed  control  data  during  the  live  video. 
The  data  is,  in  fact,  updated  during  blanking  periods.  As 


on  line  68  to  be  controlled. 

CALCULATION  OF  THE  SOUND  DATA 
SIGNALS 

Sound  data  from  the  memory  which  defme  the  sound 
waveforms  are  calculated  by  the  microprocessor  10. 
More  specifically,  they  are  "software"  generated  within 
the  micn>processor.  A  higher  order  language,  such  as 
PASCAL,  may  be  used  to  allow  a  user  to  more  easily 
implement  the  flow  diagrams  which  are  discussed  be- 
low. In  general,  the  sound  data  are  produced  quite  rap- 
idly since  the  process  takes  advantage  of  the  rapid  add- 
ing capability  of  the  68000  microprocessor. 
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Referrisg  to  FIO.  5,  assume  that  a  single  "pure^  tone  within  the  memory  IL  This  process  is  repeated  for  each 
is  to  be  generated  Firs:,  a  Irok-up  table  is  stored  within  of  the  sound  data  words  stored  within  the  RAM  11 
the  system  memory;  in  the  presently  preferred  embodi-  when  four  tones  are  generated.  Once  again,  the  funda- 
ment the  loolc-up  table  is  256X8  bits.  Thus,  for  each  mental  frequency  for  each  of  the  four  tones  is  deter- 
dght  bit  address  to  the  table  an  eight  bit  output  results.  5  mined  by  the  increment  which  is  added,  such  as  it 
For  a  pure  tone,  the  look-up  table  contains  podits  corre-  blocks  86  and  88.  and  the  harmonic  content  is  deter- 
sponding  to  a  sinewave.  This  is  illustrated  by  the  look-  mined  by  the  **shape^  stored  within  the  look-up  table, 
up  table  70  of  FIG.  5.  The  process  of  generating  the  Table  I,  attached,  ?s  a  program  written  in  68000  as- 

address  for  the  subsequent  vaidc  table  is  the  repeated  sembly  language  for  miplementing  the  flow  diagram  of 
Adding  of  some  predetermined  number  slxiwu  in  block  tO  FIG.  7. 

74  as  <>o  to  a  number  stored  in  register  27.  Initially,  the  With  the  above-described  sound  generation  appara- 

32  bit  word  stored  in  register  72  may  have  any  value,  tua,  excellent  tone  control  is  achieved  with  up  to  24  bits 
for  instance,  all  zeroes.  The  increment,  t^is  added  to  it  of  "irequency  contror  being  possible  (for  each  tone) 
The  resultant  sum  is  restored  in  register  7Z  The  most  within  the  11  khz  band.  This  permits  almost  17  million 
significant  eight  bits  are  stripped  from  the  sum  as  shown  15  different  tones  to  be  generated  within  the  band  which  is 
by  block  76  and  used  as  an  address  for  the  look-up  taUe  approximately  equal  to  (or  better)  than  the  best  discern- 
70.  ability  of  the  human  ear. 

Assume  for  sake  of  discussion  that  Ai^  is  small.  Each  The  above-described  processes  are  particularly  suited 

time  this  relatively  small  binary  cumber  is  added  to  the  for  providing  periodic  fimctions  which  are  harmonic  in 
number  stored  in  register  72,  the  most  significant  bits  20  nature  and  provide  a  tonal  quality  representing  music, 
will  not  change,  but  rather,  numerous  additions  are  and  the  like.  For  sounds  such  as  voice,  an  ''extended'* 
needed  for  them  to  change.  Consequently,  each  of  the  look-up  buffer  may  be  used  for  initially  storing  a  wave- 
256  locations  in  the  look-up  table  70  will  be  addressed  form  representative  of,  for  example,  speech.  This  is 
several  times  and  the  eight  bits  of  data  from  the  look-up  shown  as  buffer  93  in  FIG.  8.  The  buffer  in  fact  can  be 
table  which  arc  stored  within  the  RAM  11  will  vary  25  within  the  RAM  11  and  for  practical  reasons  must  be  if 
slowly.  This,  of  course,  will  correspond  to  a  low  fre-  a  long  waveform  is  to  be  stored.  The  eight  bit  values  are 
quency.  If,  on  the  other  hand,  the  increment  A<^  is  again  obtained  by  adding  some  increment  A<^o  shown  in 
relatively  large,  the  results  from  the  look-up  toble  will  block  95  to  a  32  bit  word  stored  in  register  96  with  the 
change  more  rapidly  and  thus,  for  instance,  each  of  the  most  significant  bits  being  used  to  address  locations  in 
consecutive  eight  bit  data  words  from  the  look-up  table  30  the  buffer  93.  The  results  for  the  look-up  in  the  extended 
70  which  are  stored  in  the  RAM  11  will  be  different.  buffer  arc  stored  and  selected  during  the  horizontal 
This  would  correspond  to  a  high  frequency.  A  new  blanking  period  as  was  the  case  with  the  case  of  FIGS, 
eight  bit  sound  data  word  is  obtained  with  each  addition        5  and  7. 

represented  by  block  74.  Therefore,  by  varying  the  Table  2,  attached,  contains  a  program  written  in 

increment  added  oa  each  cycle,  the  frequency  of  the  35  68000  assembly  language  for  implementing  the  flow 
tone  is  varied.  All  the  sound  data  used  during  each        diagram  of  FIG.  8. 

frame  can  easily  be  calculated  during  a  few  scan  tine  ^  

periods  of  the  vertical  blanking  period.  ^»SK  MOTOR  SPEED  CONTROLLER 

To  obtain  envelope  control  or  amplitude  modulation.  Most  typically,  floppy  disk  drives  and  other  disk 

a  set  of  tables  may  be  used.  Each  table,  for  instance,  of  40  drives,  include  a  mechanism  for  drivmg  the  disk  at  a 
set  0-7,  contains  a  sinewave  with  maximum  peak  to  constant,  predetermined  rate  of  rotation  (speed).  Upon 
peak  value  of  I^etno.  gy  allowing  a  predetermined  fabrication  of  the  disk  drive,  the  speed  control  mecha- 
number  of  frame  intervals  to  pass  before  switching  be-  nism  is  calibrated  to  assure  that  data  will  be  recorded 
tween  sets,  envelope  control  is  achieved.  and  retrieved  at  a  certain  rate. 

Referring  to  FIG.  7.  in  the  presently  preferred  em-  43  For  the  present  invention  the  motor  speed  is  con* 
bodiment  up  to  four  256  X  8  look-up  tables  may  be  used  trolled  by  a  computer,  and  moreover,  the  motor  speed 
within  the  microprocessor  10.  And,  the  contents  of  each  is  varied  as  a  function  of  the  track  being  accessed  so  that 
look-up  table  can  be  user  programmed  and  each  may  be  uniform  flux  densities  result  That  is.  the  motor  turns 
different  For  instance,  look-up  table  80  of  FIG.  7  is  slower  when  the  outer  tracks  (greater  radius)  are  being 
shown  as  containing  a  sinewave,  table  81  as  a  triangular  SO  used  and  faster  when  the  inner  tracks  (smaller  radius) 
wave,  table  82  as  a  square  wave,  and  table  83  as  a  ramp.        are  being  used. 

The  process  described  in  conjunction  with  RG.  5  is  In  FIG.  9,  the  computer  of  FIG.  1  is  shown  as  com- 

again  used.  However,  this  time  (with  four  simultaneous  puter  97.  A  disk  drive  such  as  a  floppy  disk  drive  and  in 
tones  being  generated)  24  bits,  rather  than  32.  are  used.  particular,  a  disk  drive  motor  98,  is  also  illustrated.  Line 
(This  is  shown  by  block  85  in  FIG.  7.)  Again,  an  incre-  55  99  provides  the  computer  97  with  pulses  which  indicate 
ment  shown  as  A«J>i  is  added  to  the  previous  sum  (block  the  motor  speed.  In  the  presently  preferred  embodi- 
86).  The  most  significant  bits  are  stripped  from  the  sum  ment,  the  standard  indexing  pulses  from  the  motor  are 
(block  87)  and  used  as  an  address  for  the  corresponding  used.  The  floppy  disk  drives  employed  are  keyed  to  the 
eight  bit  word  within  the  table  80.  The  same  process  is  motor  hub,  and  thus  no  slippage  occurs.  Consequently, 
repeated  for  the  number  shown  within  block  87  where  60  the  index  pulses  themselves  represent  the  actual  rate  of 
a  different  (or  the  same)  increment  A<f>2  is  added  shown  rotation  of  the  floppy  disk.  If  slippage  is  possible,  then 
at  block  88,  and  again  the  most  significant  bits  of  the  markers  or  bit  streams  from  the  disk  itself  may  be  used 
same  are  used  to  address  look-up  table  81.  Similarly,  to  obtain  an  accurate  indication  of  the  disk  speed.  The 
different  stored  values  and  increments  are  generated  to  speed  control  signal  on  line  100  controls  the  motor 
allow  look-ups  tables  82  and  83.  The  resultant  eight  bits  65  speed,  A  predetermined  signal  level  is  used  on  line  100 
rom  each  of  the  tables  are  added  as  shown  by  blocks  and  the  motor  speed  sensed  on  line  99.  This  allows  the 
80,  90  and  91  and  the  most  significant  eight  bits  are  computer  97  to  record  the  characteristics  of  the  motor 
stripped  from  this  sum  as  shown  by  block  92  and  stored        98.  That  is,  the  computer  knows  for  each  motor  con- 
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aected  to  it  the  nte  of  roUtion  of  the  motor  for  a  par-  102;  this  signal  is  used  to  generate  the  end  of  a  pulse  in 

ticular  speed  control  signal  In  this  nuurner,  the  disk  the  same  manner  as  used  for  the  sound  signal 

drive  motor  98  itself  need  not  be  caUbrated  when  being .  Referring  to  FIG.  11,  counting  begins  within  the  shift 

manufactured,  and  moreover,  the  speed  control  mccha-  register  102  of  FIO.  10  at  the  beginning  of  esch  horizon- 
nism  normally  used  within  the  disk  drive  is  not  needed   3   tal  sweep.  At  this  time,  the  leading  edge  of  a  pulse  is 

since  the  speed  control  occurs  firom  the  computer  98.  generated  such  as  edge  115  of  the  pulse  shown  in  FIG. 

As  is  apparent  from  FIG.  9,  closed  loop  operation  oc-  12.  When  the  state  detector  106  detects  the  prcdcter- 

curs  since  the  computer  97  senses  the  actual  motor  mined  state,  the  end  of  the  pulse  is  generated  such  as 

^»eed  on  line  99.  shown  by  trailing  edge  116  of  FIG.  U  The  pulses  are 
As  currently  implemented,  the  computer  97  examines  10  integrated  by  the  integrator  114  and  the  resultant  signal 

the  pulses  99  and,  in  effect,  determines  the  characteris-  on  line  100  is  used  to  control  the  speed  of  the  motor  in 

tics  of  the  motor  98  when  a  new  disk  is  placed  within  an  ordinary  manner. 

the  disk  drive,  before  dau  is  written  or  if  errors  oc-  The  6  bits  placed  within  the  shift  register  102  will 

curred  on  reading  or  writing.  Obviously,  other  arrange-  always  reach  the  state  detected  by  the  detector  106 
ments  may  be  used,  for  instance,  the  indexing  pulses  can  15  before  the  end  of  each  horizontal  sweep.  In  practice,  the 

be  checked  periodically,  or  for  that  matter,  continually.  state  will  be  detected  during  the  first  40  /isec.  of  the 

In  the  presently  preferred  embodiment,  the  motor  approximately  44  ;isec  required  for  each  horizontal 

operates  at  a  speed  from  700  rpms  for  the  innermost  sweep. 

track,  to  350  rpms  for  the  outer  track.  Obviously,  the  Ten  horizontal  sweeps  are  used  for  each  speed  con- 
selected  range  of  rate  of  rotation  will  be  a  function  of  20  trol  setting.  This  is  chosen  since  the  presently  preferred 

theradiusofthediskandwill  vary,  depending  upon  the  embodiment  employs  370  total  scan  lines  which  is 

particular  magnetic  characteristics  of  the  system  and  evenly  distributed  by  10.  Nonetl^less,  a  pulse  is  gener- 

the  size  of  the  disk.  ated  for  each  horizontal  sweep.  (The  time  constant 

As  previously  mentioned,  during  each  horizontal  associated  with  the  integrator  114  of  FIG.  11  is  slow 

blanking  period,  8  bits  of  daU  are  provided  to  the  sound  25  enough  that  a  continuous  signal  results  on  line  100.)  The 

counters  29  of  FIG,  1.  and  8  bits  are  provided  to  the  pulse  width  generated  for  each  of  the  10  sweeps  used  to 

speed  controller  27.  In  the  presently  implementation  define  each  speed  control  value  is  "dithered"  to  provide 

only  six  of  the  bits  on  this  bus  are  used  for  speed  control.  precise  values.  For  instance,  assume  that  a  value  corre- 

The  bus  is  illustrated  as  bus  109  in  FIG.  10  and  these  six  spending  to  6.5  is  required  on  line  100.  Referring  to 

lines  from  the  bus  arc  shown  coupled  to  six  stages  of  a  30  FIG.  12,  for  the  10  sweeps  used  to  define  this  value,  the 

shift  register  102.  The  six  bits  from  the  bus  108  are  first  would  have  the  value  6,  the  second  the  value  7,  and 

loaded  into  the  six  stages  of' the  register  102  when  the  so  on  for  the  10  sweeps.  This  would  cause  the  trailing 

sound  dau  signals  are  loaded  into  the  sound  counters  2.  edge  116  of  the  pulses  to  vary  between  the  values  6  and 

FIG.  10  implements  a  polynomial  counter.  The  data  7.  After  being  integrated,  however,  the  value  on  line 

placed  into  the  six  stages  of  the  shift  register  102  are  35  100  would  correspond  to  6.5.  By  distributing  the  values 

shifted  under  the  control  of  a  clocking  signal.  The  effec-  and  permitting  the  pulse  dithering  during  the  10  sweeps 

tive  shift  rate  is  approximately  I  mHz.  Because  of  the  used  to  define  each  speed  control  number,  very  accu- 

various  waiting  stages  involved  in  the  shift  register,  the  rate  control  occurs.  Control  accuracy  beyond  the  6  bits 

8  mHz  clocking  signal  is  actually  coupled  to  the  regis-  loaded  into  the  shift  register  is  obtained.  In  the  present 

ter.  The  output  of  the  last  stage  of  the  register  is  coupled  40  realization  400  unique  levels  or 
to  one  input  terminal  of  an  exclusive  OR  gate  104 

through  line  103.  The  output  of  the  Tint  stage  is  coupled  UnKAoa) 

to  the  other  input  terminal  of  the  gate  104  through  line  i^(2) 
105.  This  arrangement  provides  for  counting  in  the 

"polynomial  generator"  in  a  manner  known  in  the  prior  45  bits  are  achieved. 

art.  The  stages  of  the  shift  register  102  are  also  coupled  Attached  as  Table  3,  is  the  program  used  for  the 

to  a  state  detector  106.  This  detector  determines  when  a  speed  control,  written  in  68000  assembly  language, 

predetermined  binary  state  is  reached  within  the  shift  Thus,  an  improved  apparatus  has  been  described  that 

register.  When  this  state  is  reached,  a  signal  is  coupled  permits  both  sound  generation  and  motor  speed  control 

over  line  109  to  stop  the  shifting  within  the  shift  register  in  a  floppy  disk  drive,  or  the  like. 


TABLE! 


Thb  code  is  executed  every  16  sec  at  the  vertical  retrace 
intemipt.  It  computes  the  370  values  for  the  noK  sweep. 

MOVEM.L       (A6).D2-D7/AO-AS  ;gct  sound  params  into  register! 

MOVE.L  SoundBasc,  A6  ;point  to  the  buffer 

ADD.W  #370,A6  ;actually,  point  halfway  into  it 

MOVE.L  #$0OFF000aDl  ;set  up  mask  in  high  part  of  Dl 

MOVE  #2.  — <SP)  ;inii  outer  loop  counter 

MOVE  #185.-(SP)  ;loop  185  times  (half  the  buffer) 

loop  once  for  half  of  the  370  values,  summing  the  waveform  values  for  each  voice 
SoundLoop 

CLR.W  Dl  ;dear  out  summing  register  (not  the  mask 

ADD.L  D2,D3  ;compute  voice  1 

ADD.L  D4,D5  :compute  voice  2 

ADD.L  D6,D7  compute  voice  3 

ADD.L  AO^l  ;GOmpale  voice  4 

;ni3p  voice  1  into  Dl 

MOVE.L  D5J» 

AND.L  DI.DO  ;mMk  off  high  biu 

SWAP  DO  :iiie  bits  16-23 
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MOVE.B 

0(A3.O0MM 

;lookap  in  waveform  tiMa 

ADD.W 

DODl 

;addttia 

;add  voice  3  into  D; 

MOVE.L 

D7JX) 

ANDX 

D14X 

;iiiaikafriiighbftt 

SWAP 

DO 

:a*ebit8  16- ?3 

MOVE.B 

0(A4JXIM» 

;)ookap  in  wavefonn  taUe 

ADD.W 

DODt 

;additia 

;add  voice  4  aao  Dl 

MOVEX 

A1J» 

ANDX 

DIJX 

;naikofl-liigbbia 

SWAP 

DO 

:MebJti  16-23 

MOVE.B 

0(A5J)0U» 

;lookiq)  ia  wavcfonn  table 

ADD.W 

DaDI 

;additia 

;apdMe  the  DNfA  wuad  buffer  with  the  new 

value 

LSR.W 

#1DI 

divide  by  4<ine  mota  ngnificant  bits) 

MOVE.B 

D1M« 

;put  it  in  the  buffer 

ADDQ 

#2.A6 

;biniip.  buffer  poimet 

;Ioop  for  half  the  v«lue« 

SUBQ 

#K(SP) 

^decrement  counter 

BNE.S 

SouadLoop 

;iooptiUdoae 

;iiow  do  the  second  lulf  of  the  buffer 

MOVE.L 

SouadBue.  A6 

ipointtostartofbnfler 

MOVE 

#I«5.(SP) 

;rcwt  the  counter 

SUBQ 

#ia(Sp) 

Recrement  second  counter 

BNES 

Sound  Loop 

;OK,  all  done.  Update  sound  table,  restore  registers  and  return  to  caller 
ADEXJ  #4.SP  :pop  off  loop  counter 

MOVE.L  SoaadPtrA6  ;fet  table  addre» 

ADE)Q  02,  A6 

MOVEMX       D2-D7/AO-AI.(A6)    ;save  back  the  sound  registers 

MOVEMX       (SP)  +  .D0-D7/A0-A6     :restore  caller's  registers 


TABLE  2 


MOVE.L 

ADD.W 

LEA 

CLR.W 

MOVE 


SoundBaae.  A2 

#64.A2 

676(A2)^4 

-(SP) 

#3j7,D2 


get  scHind  base  address 

;siart  32  bytes  in 

compute  the  end  address 

flag  pass  1 

33&  bytes  to  move  in  1st  half 


.-OK.  now  that  we  have  everythiog  set  up,  start  the  main  loop  to  fill  the 

bufler 

MOVE.B  (AlUAZ)  ;niovc  it  into  the  DMA  buffer 

ADDQ  #2vA2  ;bump  to  next  locatitHi 


35 


TABLE  2-contmued 


ADDX 
SWAP 
ADD.W 
ADD.W 
CLR.W 
SWAP 
;have  we 
CMPX 
DBLE 


D1,D3 

D3 

D3jM 

D3,D0 

D3 

D3 

our  request? 

A1.A3 


;bump  cumulative  index 
;get  high  part  in  low  territory 
;bump  to  next  entry  (maybe) 
;accuinuUiive  numDone 
:resct  integer  pan 
;restore  D3 

Mst  the  end  of  the  buffer? 


D2,lnterpobHe       :if  so.  stop  it 


TABLE  3 


;Routine: 
;Arguinents: 


.-CtUedBy: 
;FuBctioa: 


SetSpeed,  SetASpeed 

D6.W  (input)  -  track  number  speed  should  be  set  fw 

Drive    (input)  -  current  disk  diive 

TrkSpecdTbl  (in)  -  speed  code  table  for  current  drive 

Wait       (output)  -  0,  or  SpdChgTune  if  CurSpeed  changed 

r^isten  other  than  A0-A2.  D0-D2  are  preserved 

(SetSpeed):  Seek^RWPower 

(SetASpeed):  MakeSpdTbl 

This  routine  determines  the  correct  speed  valae 

for  Track  and  sets  up  the  PWM  memory  buffer  to 

produce  the  desired  output.  The  value  of  Watt  is 

set  to  SpdChgTime  if  the  speed  is  changed.  0 

otherwise.  The  TrkSpecdTbl  for  the  current  drive 

b  used.  The  drive  enable  is  not  changed,  just  the 

PWM  buffer  in  memory. 

SetASpeed  is  an  alternate  entry  point  which  simply 

sets  the  pwm  buffer  according  to  a  speed  code  in  D2. 


SetSpeed 

BSR.S 

GetDrvl 

:  set  up  Dl.Ai 

MOVE.W 

D6.D2 

:  speed  class  is  jusi  track  number 

LSR.W 

#4.D2 

:  divided  by  16  . . . 

LSXW 

#3.D2 

;  adjust  to  double-kHigword  word 

ADD.W 

D1.D2 

;  add  drive  specific  offset 

MOVE.W 

TrkSpecdTbl 

(A1.D2),D2 

;  get  the  speed  we  need 

ADD.W 

OfrSpeed<Al.DIX 

2 

:  add  in  aa  adjustment  (watch  max 

BSXS 

@2 

;  don't  go  bdow  0 

MOVEQ 

#aD2 

92          CMP.W 

#399.D2 

BLES 

®3 

, 

MOVE.W 

#399.D2 

;  don't  go  above  399 
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MOVE.W 

PWMViiuU» 

:  arc  we  at  that  ipecd? 

•3 

BPL.5 

•« 

;  if  speed  ii  invalid,  wait  powcr-oo 

Hmm 

MOVE.W 

PwiOnraneCAlXDO 

BRA.S 

«6 

C4 

suaw 

D2J30 

BEQ.S 

GctDrvt 

;ifio.>iilaiil 

BPL^ 

«s 

NEO.W 

DO 

;  positive  speed  difrereace 

•9 

LSL.W 

§5J» 

;  multiply  by  32  to  get  speed  settle 

timg 

CMP.W 

SpdChgraNCAlXDO 

;  Bunimam  wait  tme  for  speed  chastfe 

BOT.S 

96 

MOVE.W 

SpdChiTimeCAIXD) 

•« 

AOD.W 

WaiKADJX 

;  add  m  current  watt  time 

CMP.W 

PwfOnrine(AlXD0 

BLT.S 

©7 

MOVE.W 

PwiOiiTiiBe(Al)J» 

«7 

MOVE.W 

Daw«h(Al) 

:SetASpeed  is  tn  altenMe  entry  point  whicfa  nmply  aets  up  the  ipeeil  code 

iaDZ 

SeCASpeed 

MOVE.W 

DZPWMValoe 

;  note  the  speed  for  (utarc  rcfcrenoe 

MOVEM.L 

D3-D6/A2.-(SP) 

;  preaerve  A2-A7  03-07 

SUB.W 

#399.D2 

;  invert  it  (for  sony) 

NEO.W 

D2 

EXT.L 

D2 

;  make  it  a  long  . . . 

DIVU 

#1002 

;  remainder  in  high  word 

MOVEQ 

#11,  DO 

ei 

MOVE.B 

D0,D1 

:  main  speed  value 

MOVE.B 

0003 

;  save  bit  0 

LSR.B 

#1.  DO 

J 

EOR.B 

DODS 

LSR.B 

#1.D3 

;  new  bit  3  ->cy 

BCC.S 

m 

BStT 

#5.  DO 

DBRA 

D^@l 

SWAP 

D2 

MOVE-B 

DithcrTbl(D2)X>5 

;  need  10  biu  from  dither  table 

ASL 

#8.DS 

MOVE-B 

Dither™  +  1(D2).D5 

:  get  2  bin  ftom  next  one 

liMdPWMBuf 

MOVEQ 

#36.03 

;  big  loop  goes  37  times 

LEA 

PWMBuffer^O 

;  m  up  PWM  buffer 
(37  X  10-370  bytes) 

MOVEL 

PWMBuOAi 

:  m  case  of  alternate  buffer 

@1 

MOVEQ 

#9.D2 

;  inner  loop  goes  tO  limes 

MOVE.W 

03.D4 

;  ditbcr  prnttern 

m 

LSL.W 

#1.D4 

;  carry  bit  =  t  means  use  higher  value 

BCCS 

@3 

MOVEB 

D0.D6 

;  use  higher  value 

BRAS 

@4 

m 

MOVE.B 

DIJX 

;  use  mail*  value 

@4 

MOVE.B 

D&.(A2) 

ADDQ 

#2jM) 

;  every  other  byte  is  sound  stuff 

ADDQ 

#2.A2 

DBRA 

D2,@2 

DBRA 

D3.@l 

MOVEM.L 

(SP)  +  »D3-D6/A2 

;  obaerve  reg  save  convatians 

SetSpdExit      BRA 

GetDrvl 

DitfaerTbl 

;  used  to  dither  the  speed  vduea  evenly 

-Byte           S00.S2aS2U24,SO4 

-Byte           IAA.$B5.$B7.$7B.$FF.$4a«» 

Wc  claim: 

1.  In  a  computer  system  which  includes  a  micro-  S5 
processor  and  a  random-access  memory  (RAM)  and 
which  provides  a  video  signal  for  a  raster  scanned  dis- 
play»  wherein  said  microprocessor  accesses  said  RAM 
for  loading  data  and  said  data  is  read  from  said  RAM  for 
presentation  to  said  raster  scanned  display,  an  apparatus  60 
for  generating  an  analog  audio  signal  comprising: 
a  first  counter  for  providing  a  digital  count  represen- 
tative of  timing  of  said  video  signal  for  said  display, 
said  first  counter  pn>viding  a  vertical  line  count 
and  a  horizontal  bit  count  for  each  frame  of  said  63 
display; 
first  address  multiplexing  means  coupled  to  said  first 
coimter,  microprocessor  and  said  RAM  for  cou- 


pling either  an  address  signal  from  said  micro- 
processor or  said  digital  count  from  said  first 
counter  to  access  a  location  of  said  RAM; 

second  address  multiple^ung  means  coupled  to  said 
first  counter  and  said  RAM,  for  coupling  a  portion 
of  said  digital  count  from  said  first  counter  to  ac- 
cess said  RAM  by  direct  memory  access; 

said  portion  of  said  digital  count  coupled  by  said 
second  address  multiplexing  means  accesses  audio 
data  stored  in  said  RAM,  at  least  during  a  portion 
of  the  horizontal  blanking  period  of  said  video 
signal,  uid  audio  data  being  programmed  by  said 
microprocessor  and  stored  in  said  RAM; 
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Mid  first  addrcs  multtplexiiig  means  for  coupling  said 
digital  count  from  said  fint  counter  as  an  address  to 
said  RAM  during  a  video  display  cycle  to  access 
video  data  stored  in  said  RAM  and  for  coupling 
address  signals  from  said  microprocessor  to  said 
RAM  at  leaat  during  portions  of  the  vertical  blank- 
mg  period  to  update  said  audio  data  in  said  RAM; 
waveform  means  coupled  to  receive  said  stored  audio 
data  from  said  RAM  during  said  portion  of  said 
bohzontal  blanking  period  and  for  converting  said 
audio  data  to  said  analog  audio  signal;  said  wave- 
forms means  further  having  a  second  counter  into 
which  said  audio  data  is  loaded  from  said  RAM. 
said  second  counter  counting  at  a  predetermined 
rate  after  said  audio  data  is  loaded;  and  said  wave- 
form means  further  including  pulse  generation 
means  coupled  to  said  second  counter  for  initiating 
a  pulse  when  said  second  counter  is  loaded  and  for 
ending   said    pulse   when   said   second   counter 
reaches  a  predetermined  coust*  such  that  a  fre- 
quency of  said  audio  signal  is  determinea  by  a  pro- 
grammed value  of  said  audio  data. 
3.  The  apparatus  defined  by  claim  1  wherein  ending 
of  said  pulse  occurs  when  said  second  counter  over- 
flows. 

3.  The  apparatus  defined  by  claim  2  includmg  integra- 
tion means  for  integrating  said  pulses  from  said  pulse 
generation  means. 

4.  The  apparatus  defined  by  claim  1  or  3  wherein  said 
horizontal  blanking  means  occurs  at  a  frequency  of 
^^proximately  22,0CX)  Hz. 

5.  The  apparatus  defined  by  chum  4  wherein  said 
vertical  bUmking  occurs  at  a  frequency  of  approxi- 
mately 60  Hz. 

6.  The  apparatus  defined  by  claim  1  including  an 
additional  waveform  means  for  converting  data  from 
said  RAM»  addressed  during  said  horizontal  blanking 
period  by  said  first  counter,  to  a  speed  control  signal  for 
a  disk  drive. 

7.  In  a  computer  system  which  includes  a  micro- 
processor and  a  random-access  memory  (RAM)  and 
which  provides  a  video  signal  for  a  raster  scanned  dis- 
play, a  method  for  generating  an  analog  audio  signal 
from  digital  data  signals  which  are  stored  in  said  RAM  45 
by  said  microprocessor,  comprising  the  steps  of: 

generating  digital  data  signals  under  control  of  said 
microprocessor  by  storing  a  base  number,  adding  a 
predetermined  number  to  said  base  number,  using 
the  most  significant  bits  as  a  location  in  a  lookiq>  50 
table,  storing  the  sum  as  said  base  nimiber,  and 
using  a  value  stored  at  said  location  accessed  by  the 
most  significant  bits  as  output  for  storage  in  said 
RAM; 

storing  said  digital  dau  signals  in  said  RAM;  53 

generating  address  signals  from  a  first  counter; 

accessing  said  RAM  by  using  said  address  signals 
from  said  first  counter  during  a  video  display  cycle 
to  access  video  data  stored  in  said  RAM; 

accessing  said  RAM  by  using  said  address  signals  60 
firom  said  first  counter  during  portions  of  horizon- 
tal Uanking  periods  by  direct  memory  access  to 
obtain  said  stored  digital  data  signals  representative 
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signal  and  integrating  said  pulse  to  generate  wave- 
forms for  said  analog  audio  signal; 
loading  said  RAM  with  new  digital  data  signals  rep- 
resentative of  new  audio  signals  during  vertic^ 
blanking  periods,  wherein  said  microprocessor 
accesses  said  RAM  for  loading  of  said  new  digital 
data  signals. 
S.  In  a  computer  system  which  includes  a  micro- 
processor and  a  random-access  memory  (RAM)  and 
which  provides  a  video  signal  for  a  raster  scanned  dis- 
play, wherein  said  microprocessor  accesses  said  RAM 
for  loading  data  and  said  data  is  read  from  said  RAM  for 
presentation  to  said  raster  scanned  display*  an  apparatus 
for  generating  a  speed  control  signal  for  a  disk  drive 
comprising: 

a  first  counter  for  providing  a  digital  count  represen- 
tative of  timing  of  said  video  signal  for  said  display, 
said  first  counter  providing  a  vertical  line  count 
and  a  horizontal  bit  count  for  each  frame  of  said 
display; 

first  address  multiplexing  means  coupled  to  said  mi- 
croprocessor. RAM  and  said  first  counter  for  cou- 
pling either  an  address  signal  from  said  micro- 
processor or  said  digital  count  from  said  first 
counter  to  access  a  location  of  said  RAM; 
second  address  multiplexing  means  coupled  to  said 
ftrst  counter  and  said  RAM,  for  coupling  a  portion 
of  said  digital  count  from  said  first  counter  to  ac- 
cess said  RAM  by  direct  memory  access; 
said  portion  of  said  digital  count  coupled  by  said 
second  address  multiplexing  means  accesses  disk 
speed  data  stored  in  said  RAM,  at  least  diuing  a 
portion  of  the  horizontal  blanking  period  of  said 
video  signal; 
said  first  address  multiplexing  means  for  coupling  said 
digital  count  from  said  first  counter  as  an  address  to 
said  RAM  during  a  video  display  cycle  to  access 
video  data  stored  in  said  RAM  and  for  coupling 
address  signals  from  said  microprocessor  to  said 
RAM  at  least  during  portions  of  the  vertical  blank- 
ing period  to  update  said  disk  speed  data  in  said 
RAM; 
waveform  means  for  receiving  said  stored  disk  speed 
data  from  said  locations  and  for  converting  said 
disk  speed  data  to  said  speed  control  signal;  said 
waveform  means  having  a  second  coimter  into 
which  said  disk  speed  data  is  loaded  from  said 
locations  of  said  RAM,  said  second  counter  count- 
ing at  a  predetermined  rate  after  said  data  is  loaded; 
and  said  waveform  means  fiirther  including  pulse 
generation  means  coupled  to  said  second  counter 
for  initiating  a  pulse  when  said  second  counter 
begins  counting  and  for  ending  said  pulse  when 
said   second    counter    reaches    a    predetermined 
count,  said  pulse  generation  means  coupled  to  said 
second  counter. 

9.  The  apparatus  deHned  by  claim  8  including  integra- 
tion means  for  integrating  said  pulses  from  said  pulse 
generation  means. 

10.  The  apparatus  defined  by  claim  8  wherein  said 
computer  system  senses  disk  drive  speed  and  varies  said 
control  signal  as  a  function  of  said  speed  to  provide 
dynamic  cahbration. 

11.  The  apparatus  defmed  by  claims  8  or  10  wherein 


of  said  audio  signal; 
converting  said  digital  daU  signals  into  said  analog  65  said  speed  control  signal  is  varied  is  a  function  of  the 
audio  signal  by  generating  a  pulse  which  pulse-        track  being  accessed  on  a  disk, 
width  is  dependent  on  the  value  of  said  digital  data  «    «    •    •    « 
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ABSTRACT 


A  method  for  transferring  data  on  a  communication 
medium  between  a  host  computer  and  a  plurality  of 
peripheral  devices  coupled  to  the  medium  at  a  plurality 
of  first  address  locations,  including  first  and  second 
peripheral  devices  at  a  one  of  the  first  address  locations. 
The  host  computer  transmits  a  plurality  of  first  signals 
to  the  one  of  the  first  address  loications  requesting  any 
peripheral  devices  at  the  one  of  the  first  address  loca- 
tions to  transmit  data  to  the  host  computer.  The  first 
peripheral  device  senses  the  medium  to  determine  if  the 
medium  is  currently  in  use.  The  second  peripheral  de- 
vice senses  the  medium  to  determine  if  the  medium  is 
currently  in  use.  The  furst  peripheral  device  transmit 
data  to  the  host  computer  when  the  medium  is  not  in 
use.  The  second  peripheral  device  discontinues  the 
transmission  of  data  when  the  medium  is  in  use  and  sets 
an  internal  collision  flag.  The  host  computer  transmits  a 
plurality  of  second  signals,  including  a  second  address, 
to  the  one  of  the  first  address  locations,  the  second 
address  becoming  an  address  for  the  first  peripheral 
device,  and  the  second  address  not  becoming  an  address 
for  the  second  peripheral  device,  given  that  the  internal 
coUision  flag  for  the  second  peripheral  device  is  set. 

11  Claims,  4  Drawing  Sheets 
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METHOD  FOR  STORING  A  SECOND  NUMBER  AS 

A  COMMAND  ADDRESS  OF  A  FIRST 

PERIPHERAL  DEVICE  AND  A  THIRD  NUMBER 

AS  A  COMMAND  ADDRESS  OF  A  SECOND 

PERIPHERAL  DEVICE 

This  is  a  (divisional)  of  application  Ser.  No.  765,396 
filed  Aug.  14,  1985. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 
This  invention  relates  the  field  of  conimunications 

media  for  transferring  data  between  a  source  and  a 
plurality  of  peripheral  devices  coupled  to  the  source.  ^^  provide  a  communications  medium  for  a  plurality  of 
More  particularly,  the  present  invention  relates  to  data  peripheral  devices,  which  provides  a  simple  and  ef!i- 
transfer  along  a  peripheral  device  bus  between  a  plural-  '^^^'i*  means  for  coupling  those  devices  to  a  host  com- 
ity of  peripheral  devices  and  a  host  computer.  puter. 

2.  AjTt  Background  ^^  '^  *  further  object  of  the  present  invention  to  pro- 
In  the  computing  industry,  it  is  quite  common  to  ^^  X**^®  ^  communications  medium  by  which  all  such  pe- 

transfer  data  and  commands  between  a  plurality  of  data        ripheral  devices  can  be  coupled  to  a  host  computer  at  a 


out  creating  data  traffic  problems,  eliminating  the  need 
for  cards. 

Prior  art  networking  schemes  also  include  elaborate 
methods  for  establishing  control  of  the  network  to 
allow  a  device  to  transmit.  Such  systems  are  not  needed 
for  networking  of  peripheral  devices,  since  only  one  is 
generally  used  at  a  lime.  In  addition,  prior  art  network- 
ing schemes  provide  for  means  for  attached  devices  to 
identify  themselves  to  each  other  through  elaborate 
"handshaking"  schemes.  Again,  such  complexity  is  not 
required  to  connect  peripheral  devices  since  there  is  no 
need  for  these  devices  to  identify  themselves  to  other 
devices,  only  to  the  host  computer. 

Therefore,  it  is  an  object  of  the  present  invention  to 
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processing  devices,  such  as  for  example,  computers, 
printers,  memories  and  the  like.  The  interconnection  of 
computers  and  other  peripheral  devices  principally 
developed  in  the  early  1970's  with  the  advent  of  com- 
puter networking  systems,  which  permitted  the  distri- 
bution of  access  to  computing  resources  beyond  the 
immediate  proximity  of  a  main  frame  computer. 

Networks,  such  as  the  ARPA  network,  were  devel- 
oped to  provide  access  by  various  users  to  large  time- 
sharing systems  and  the  transfer  of  data  between  such 
systems.  In  the  case  of  geographically  local  networks, 
so-called  "local  area  networks"  (LANs)  were  devel- 
oped to  connect  together  a  collection  of  computers, 
terminals  and  peripherals  located,  typically  in  the  same 
building  or  adjacent  buildings,  and  permitted  each  of 
these  devices  to  communicate  among  themselves  or  wit 
devices  attached  to  other  networks.  Local  area  net- 
works permit  the  implementation  of  distributed  com- 
puting. In  other  words,  some  of  the  devices  coupled  to 
the  local  area  network  may  be  dedicated  to  perform 
specific  functions,  such  as  file  storage,  data  base  man- 
agement terminal  handling,  and  so  on.  By  having  differ- 
ent machines  perform  different  tasks,  distributed  com- 
puting can  make  the  implementation  of  the  system  sim- 
pler and  more  efficient. 

Presently,  networking  has  only  been  applied  to  pro- 
vide communications  between  data  processing  devices, 
which  are  machine  input  devices.  However,  it  would 
also  be  useful  to  provide  a  networking  means  to  provide 
communication  between  a  single  computer  and  a  plural- 
ity of  peripheral  devices  such  as  human  input  devices, 
listen  only  devices,  appliances,  etc.  Human  input  de- 
vices include  keyboards,  cursor  control  devices  (such  as  55 
a  "mouse'*),  and  sketch  pads,  etc.  Listen  only  devices 
include  transaction  logs,  etc.  In  the  prior  art,  such  de- 
vices are  attached  to  a  host  computer  through  a  port 
dedicated  to  each  device.  Often,  additional  "cards'*  are 
required  to  allow  a  peripheral  input  device  to  be  added. 
Further,  the  addition  of  cards  requires  that  the  host 
computer  be  powered  down,  with  o  mechanism  for 
adding  peripheral  devices  to  a  live  system.  Such  prior 
art  systems  are  inefficient  since  peripheral  devices  are 
not  generally  operated  simultaneously,  (for  example, 
someone  using  a  mouse  is  generally  not  using  the  key- 
board or  sketchpad  at  the  same  time).  Thus,  the  devices 
could  share  a  conunon  line  to  the  host  computer  with- 


smgle  input. 

It  is  still  another  object  of  the  present  invention  to 
provide  a  communications  medium  which  provides  a 
means  for  peripheral  devices  to  indicate  a  need  for  ser- 
vicing to  the  host  computer. 

It  is  yet  another  object  of  the  present  invention  to 
provide  a  communications  medium  which  provides  a 
means  for  determining  if  the  communications  medium  is 
in  use. 

It  is  another  object  of  the  present  invention  to  pro- 
vide a  communications  medium  which  allows  periph- 
eral devices  to  be  added  during  operation  of  the  system. 
SUMMARY  OF  THE  INVENTION 
A  commimications  medium  is  disclosed  including 
apparatus  and  methods  for  transferring  data  between  a 
plurality  of  peripheral  devices  and  a  host  computer.  In 
the  preferred  embodiment,  a  plurality  of  peripheral 
devices  such  as  human  input  devices  (including  mice, 
keyboards,  sketchpads,  etc.),  appliances,  listen  only 
devices,  etc,  are  coupled  to  a  common  cable  for  data 
transmission  and  reception  of  commands.  A  peripheral 
device  coupled  to  the  cable  may  signal  the  host  com- 
puter when  it  requires  servicing.  This  peripheral  device 

45  will  continue  to  request  service  until  the  host  computer 
commands  it  to  transmit  its  data.  All  peripheral  devices 
of  the  same  generic  type  (e.g.,  ail  keyboards),  may  have 
an  identical  hard  wired  address  used  as  an  identification 
number.  In  this  manner,  the  host  computer  can  identify 

50  the  generic  type  of  device  communicating  on  the  cable. 
If  more  than  one  of  the  same  type  of  device  is  coupled 
to  the  cable  (e.g.,  2  mice),  the  host  computer  will  assign 
new  addresses  in  the  status  registers  of  the  miceso  they 
can  be  differentiated. 

In  the  preferred  embodiment,  a  return  to  zero  modu- 
lation scheme  is  used  to  transmit  data  and  commands 
over  the  cable.  As  a  result,  a  peripheral  device  will 
assume  a  collision  if  it  attempts  to  transmit  a  high  signal 
on  the  cable  and  the  cable  is  pulled  low  by  another 

60  device.  In  order  to  simplify  the  protocol  of  the  system, 
only  the  computer  can  initiate  communication. 

The  present  invention  permits  the  addition  of  periph- 
eral devices  to  a  computer  while  the  computer  is  in  use, 
without  the  need  to  power  down  the  computer  system. 

65  The  present  invention  can  be  embodied  in  a  narrow 
band  medium,  as  well  as  broad  band,  fiber  optic,  infra- 
red and  other  media. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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FIG.  1  is  block  diagram  illustrating  the  networking 
system  of  the  present  .invention. 

FIG.  2  is  a  timing  diagram  illustrating  the  present 
invention's  use,  of  return  to  zero  encoding. 

FIG.  3  illustrates  a  register  of  a  peripheral  device  of 
the  present  invention. 

FIG.  4  is  a  flow  chart  illustrating  the  sequence  of 
operations  utilized  by  a  peripheral  device  to  request 
service  by  the  host  computer. 

FIG.  5  is  a  flow  chart  illustrating  the  sequence  the 
operations  utilized  to  provide  new  addresses  to  devices 
sharing  the  same  hard-wired  address. 

RG.  6  is  a  timing  diagram  illustrating  a  command 
transaction  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE 

INVENTION 

A  peripheral  device  bus  including  apparatus  and 
methods  for  transferring  data  between  a  plurality  of 


ance.  An  extended  address  i  an  individual  identification 
number,  which,  in  the  preferred  embodiment,  may  be 
up  to  64  bytes  long.  Once  the  host  computer  has  pro- 
vided the  extended  address,  the  device  having  that  ad- 
5  dress  is  active.  Subsequent  commands  to  the  appliance 
address  location  will  be  executed  by  that  device  with- 
out the  need  for  providing  the  extended  address  each 
time.  An  activated  appliance  will  respond  to  all  com- 
mands to  the  appliance  address,  while  unactivated  de- 
10  vices  remain  passive.  To  deactivate  an  active  extended 
address  device,  the  host  computer  provides  the  ex- 
tended address  of  another  extended  address  device, 
activating  it  and  deactivating  the  previously  active  de- 
vice. It  is  contemplated  that  any  device  which  could  be 
15  controlled  by  the  host  computer  is  suitable  for  the  pres- 
ent networking  scheme,  such  as  lights,  ovens,  sprinkler 
systems,  phone  answering  machines,  etc.  It  is  contem- 
plated that  at  leas  one  other  hardwired  address  for  ex- 
tended address  devices  be  provided  in  the  present  sys- 
peripheral  devices  coupled  to  a  host  computer  is  dis-  20  tern.  Such  an  address  would  be  used  for  system  protec- 
closed.  In  the  following  description  numerous  specific  tion  schemes  or  user  identification  schemes.  For  exam- 
details  are  set  forth,  such  as  specific  numbers,  registers,  pie,  a  device  at  this  location  could  contain  an  extended 
addresses,  times,  signals,  and  formats,  etc.,  in  order  to  address  which  must  be  provided  by  the  system  user 
provide  a  thorough  understanding  of  the  present  inven-  before  the  system  could  be  enabled.  In  other  instances, 
tion.  However,  it  will  be  apparent  to  one  skilled  in  the  25  individual  operations  could  require  that  the  extended 


art  that  the  present  invention  may  be  practiced  without 
these  specific  details.  In  other  instances,  well-known 
circuits  and  devices  are  shown  in  block  diagram  form  in 
order  not  to  unnecessarily  obscure  the  present  inven- 
tion. 

Referring  to  FIG.  1,  the  preferred  embodiment  of  the 
present  invention  may  be  seen.  A  plurality  of  peripheral 
devices,  generally  identified  by  numbers  11  through  16 
are  coupled  through  a  single  cable  17  to  a  host  com- 
puter 10.  In  the  preferred  embodiment,  all  devices  com- 
municate with  the  host  computer  by  a  mini-phono  jack 
with  the  following  connecter  assignments;  tip-power, 
ring-data,  sleeve-power  return.  A  "high"  signal  (1)  is 
2.4  volts  minimum.  A  "low"  signal  (0)  is  0.8  volts  maxi- 


30 


35 


address  of  other  security  devjces  be  provided  by  the 
host  computer  prior  to  performance.  Such  security 
devices  could  function  as  "keys"  to  lock  the  entire  sys- 
tem or  certain  operations  performed  on  the  system. 

Also  reserved  for  use  on  the  network  of  the  present 
invention  a^e  soft  address  locations  16.  Soft  address 
locations  ar  reserved  for  duplicates  of  peripheral  de- 
vices coupled  to  the  bus.  When  more  than  one  mouse  is 
coupled  to  the  bus,  for  example,  the  host  computer 
assigns  new  addresses  to  each  mouse,  those  addresses 
being  at  tee  soft  address  locations. 

Although  specific  examples  have  been  given  for  each 
type  of  device  coupled  to  the  bus,  there  may  be  more 
than  one  kind  of  each  type  of  device  with  that  address. 


mum.  Although  a  single  cable  is  contemplated  in  the  40  For  example,  a  sketch  pad  has  been  given  as  an  absolute 


preferred  embodiment  of  the  present  invention,  other 
communications  media,  such  as  broad  band  methods, 
fiber  optic  systems,  and  infrared  signals,  are  contem- 
plated. 

The  bus  of  the  present  invention  supports  coded  de- 
vices, (for  which  a  keystroke  represents  a  symbol  or  a 
function,  such  as  a  keyboard  14),  relative  devices,  (in 
which  movement  of  a  display  cursor  in  response  to  a 
control  device,  such  as  a  mouse  11  or  12,  may  be  from 
any  starting  point),  and  absolute  devices  (for  which 
there  is  a  constant  and  direct  relationship  between  dis- 
play position  and  device  position,  such  as  sketch  pad 
13). 

The  system  also  permits  the  networking  of  extended 
address  devices.  Extended  address  devices  share  a  com- 
mon hard  wired  address  35,  but  further  include  an  ad- 
dress unique  to  the  individual  device  which  the  host 
computer  must  recognize  before  the  device  can  be  ac- 
cessed. For  example,  it  is  contemplated  that  appliances 
may  be  coupled  to  the  host  computer  and  controlled  by 
the  host  computer.  In  such  a  situation,  all  appliances 
would  have  an  identical  hardwired  fixed  address.  The 
host  computer,  on  a  first  level,  would  simply  address 
the  hard  wired  address  for  appliances.  At  this  time,  all 
appliances  coupled  to  that  address  are  inactive.  An  65 
individual  appliance  may  be  activated  by  the  host  com- 
puter if  the  host  computer  sends  a  signal  to  that  appli- 
ance which  matches  the  extended  address  of  the  appli- 


45 


50 


55 


60 


device  but  a  touch  screen  would  also  be  considered  an 
absolute  device  and  be  assigned  the  same  fixed  com- 
mand address  as  the  sketch  pad.  In  those  situations,  the 
host  computer  will  assign  new  addresses  from  the  soft 
address  locations  to  each  device. 

In  the  preferred  embodiment  of  the  present  invention, 
the  various  peripheral  devices  have  been  assigned  ad- 
dresses as  shown  below: 


Address 

Device  Types 

Example 

0000  (zero) 

extended  address 

secunty  systems. 

device 

user  ID 

0001  (one) 

extended  address 
device 

appliances 

0010  (two) 

coded  devices 

keyboard 

0011  (three) 

relative  devices 

mouse,  track  ball 

0100  (four) 

absolute  devices 

sketchpad, 
touch  screen 

0101  (five) 

reserved 

none 

0110  (six) 

reserved 

none 

on  I  (seven) 

reserved 

none 

1000  (eight) 

soft  addressed 

duplicate  penpheral 
devices 

Un  (15) 

soft  addressed 

duplicate  penpheral 
devices 

It  will  be  appreciated  by  one  skilled  in  the  art  that 
other  addresses  may  be  assigned  to  these  devices  con- 


'APPLE_PAT_4_912_627_08"  302  KB  2000-02-22  dpi:  300h  x  300v  pix:  1904h  x  2909v 


Davi(j  T  Craig    •    21  February  2004 


I  Page  0412  of  0515 


Apple  Computer  Selected  Patents 


6 

-continued 

• 

Command 

Code 

Listen 
Talk 

10 
II 

4,912,627 
5 

taining  more  or  less  bits  than  in  the  preferred  embodi- 
ment. Fixed  hard-wired  addresses  31,  32,  3i3  and  34  are 
shown  in  FIG.  1  for  mouse  11,  mouse  12,  sketch  pad  13, 
and  keyboard  14.  respectively. 

All  peripheral  devices  have  four  registers  in  the  pre- 
ferred embodiment  to  receive  data  and  send  data.  For 

each  device,  register  3  talk  and  register  3  listen  have  The  talk  command  orders  the  addressed  device  to 
status  information  such  as  device  address  and  handler  provide  its  data  to  the  host  computer.  The  listen  corn- 
information.  The  remaining  registers  are  data  registers  mand  orders  the  addressed  device  to  accept  data  from 
which  are  device  specific  except  register  2  listen  which  10  the  host  computer  and  place  it  in  one  of  its  registers, 
contains  the  extended  addresses  for  extended  address  The  flush  command  has  an  effect  on  each  device  which 
devices  or  device  specific  contents  for  soft  addressed  is  defined  by  the  individual  device.  It  can  be  used  for 
devices,  such  functions  as  clearing  a  register  or  resetting  all  keys 

In  the  preferred  embodiment  of  the  present  invention,  on  a  keyboard  so  that  they  will  be  sent  again, 

there  are  three  types  of  communication  on  the  periph-  15  When  a  peripheral  devices  is  addressed  to  talk,  it 

eral  bus:  commands,  data  and  global  signals.  Commands  raxist  respond  within  a  certain  period,  called  the  "time 

are  sent  from  the  host  computer  to  the  peripheral  de-  ont"  period.  The  time  out,  "Tit",  is  approximately  140 

vices,  data  is  sent  from  the  host  computer  to  the  devices  to  260  microseconds  (2  bit  cells).  The  selected  device,  if 

or  from  the  devices  to  the  host  computer,  and  global  i*  does  not  time  out,  becomes  active  on  the  bus  and 

signals  are  special  messages  sent  to  the  entire  system.     20  performs  its  data  transaction,  and  then  "untalks"  itself 

In  the  preferred  embodiment  data  is  encoded  as  the  and  goes  inactive  on  the  bus. 

ratio  of  low  time  to  high  time  of  each  bit  cell  A  bit  cell  Global  signals  are  used  for  transactions  which  are 

boundary  is  defined  by  a  falling  edge  on  the  bus.  A  neither  commands  nor  data  transactions,  Global  signals 

"zero"  is  encoded  as  a  bit  cell  in  which  the  low  time  is  include:  attent.ion  and  synch,  which  is  used  to  signal  the 

greater  than  the  high  time.  This  is  shown  in  FIG.  2  by  25  start  of  a  command  and  to  give  initial  bus  timing;  ser- 

bit  cell  20.  Therefore,  a  "I"  is  defined  as  a  bit  cell  in  ^^ce  request,  a  transaction  that  devices  use  to  signal  the 

which  the  low  time  is  less  than  the  high  time  as  shown  host  that  they  require  service;  and  reset,  used  to  issue  a 

by  cell  21  of  FIG.  2.  In  the  present  preferred  embodi-  break  on  the  bus  by  holding  the  bus  low  for  a  minimum 

ment,  a  start  bit  is  defined  as  a  "1".  A  stop  bit  is  a  "0"  of  "Tres",  which  is  approximately  2.8  to  5.2  millisec- 

which  does  not  have  an  additional  falling  edge  to  define  30  onds,  (40  bit  cells).  Global  signals  will  be  described  in 

the  bit  cell  time.  The  stop  bit  is  used  to  synchronize  the  niore  detail  in  conjunction  with  other  transactions, 

stopping  of  transactions  on  the  bus.  Since  a  peripheral  device  can  only  send  data  when  it 

The  period  for  each  bit  cell  of  command  signals  and  ^^  t*«en  commanded  to  talk  by  the  host  computer,  the 

low  speed  data  transmission  is  approximately  100  mi-  present  system  provides  a  means  for  a  device  to  notify 

croseconds  plus  or  minus  30%.  For  high  speed  data  ^5  the  host  computer  that  it  needs  servicing.  This  is  accom- 

transmission,  the  bit  cell  is  50  microseconds  plus  or  plished  by  having  the  device  send  a  service  request 

minus  1%.  The  format  of  a  data  transaction  is  a  stan  bit  signal  to  the  host  computer.  In  the  present  invention,  a 

(1),  followed  by  up  to  256  bits  of  data  and  ending  with  service  request  is  sent  by  holding  the  bus  low  after  the 

a  stop  bit.  It  will  be  appreciated  that  when  other  com-  stop  bit  of  any  command  transaction.  Each  of  the  pe- 

munications  media  are  utilized,  other  signaling  methods  40  ripheral  devices  coupled  to  the  bus  include  a  number  of 

may  be  utilized.  registers  (in  the  preferred  embodiment  four  registers). 

Commands  are  sent  only  by  the  host.  In  the  preferred  FIG-  3  shows  one  of  the  registers  for  a  peripheral  de- 
embodiment  of  the  present  invention,  there  are  three  vice.  Bit  A13  has  been  identified  as  the  service  request 
commands;  talk,  listen,  and  flush.  As  shown  in  FIG.  6,  enable  bit.  When  this  bit  is  set  high  by  the  host  corn- 
to  signal  the  start  of  a  command,  an  attention  pulse  is  *5  puter,  the  device  is  enabled  to  hold  the  bus  low  after  the 
sent  out.  An  attention  pulse  is  generated  by  the  host  stop  bit  of  a  command  transaction,  as  shown  in  FIG.  6, 
computer  by  transmitting  a  bus  low  for  a  period  of  if  ^^^  device  needs  service.  A  device  will  keep  request- 
"T-attn'\  In  the  preferred  embodiment.  T-attn  is  ap-  ing  service  until  it  receives  a  talk  command  from  the 
proximately  560-1040  microseconds.  The  attention  host.  The  flow  chart  in  FIG.  4  shows  the  steps  followed 
pulse  is  followed  by  a  synch  pulse  to  give  the  initial  bus  50  by  a  device  requiring  service. 

timing.  The  following  edge  of  the  synch  pulse  is  used  as  Initially  the  device  determines  if  it  requires  servicing 

a  timing  reference  for  the  first  bit  of  the  command.  The  Block  41.  that  is,  if  it  has  data  to  send  to  the  host.  If  it 

command  is  followed  by  a  stop  bit,  (in  the  preferred  <loes,  it  sets  an  internal  flag  bit  Block  42.  When  the  next 

embodiment  a  "0").  After  the  stop  bit,  the  bus  returns  to  command  is  se!it  out  from  the  host  Block  42.  the  device 

its  normally  high  state  unless  a  device  requests  service.  55  checks  to  see  if  the  command  is  addressed  to  the  device 

The  command  is  an  8  bit  value  in  the  preferred  em-  Block  44.  If  the  command  was  not  addressed  to  the 

bodiment.  The  command  includes  a  4  bit  device  address  device  Branch  45.  the  device  checks  to  see  if  its  service 

field  which  specifies  the  fixed  hardwired  address  of  the  request  enable  bit,  (bit  A13  of  register  3),  is  set  high 

desired  peripheral  device  (e.g..  001 1  for  a  mouse).  The  Block  47.  If  so  Branch  48,  it  holds  the  bus  low  after  the 

next  2  bits  form  the  command  and  the  final  2  bits  form  ^  command  stop  bit  Block  50.  (See  FIG.  S)  The  device 

a  register  address  field  which  allows  a  specific  register,  l^hen  waits  until  the  next  command  is  received  from  the 

R(^-R3  within  an  addressed  peripheral  device  to  be  liost  to  see  if  it  will  be  addressed  to  talk  Block  43.  If  the 

specified.  In  the  preferred  embodiment,  the  commands  command  is  addressed  to  the  device  Branch  46,  the 

have  the  following  bit  code:  device  determines  if  it  is  a  command  to  talk  Block  51.  If 

65  it  is  not  a  command  to  talk  Branch  52  the  device  sends 


a  service  request  Block  57,  performs  whatever  com- 

^'"""^^ £2if mand  is  instructed  Block  58,  and  awaits  the  next  corn- 
Rush                                  01  mand  Block  43.  If  the  command  is  to  talk  Branch  53,  the 
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device  sends  its  data  Block  59  and  considers  its  service 
request  to  be  satisfied  Block  60.  The  device  continues  to 
monitor  itself  to  determine  when  it  needs  service  Block 
41.  By  allowing  the  host  computer  to  control  the  ser- 
vice request  enable  bit,  more  efficient  operation  of  the 
bus  is  realized.  When  a  service  request  is  received,  the 
host  computer  need  only  ask  those  devices  whose  ser- 
vice request  bit  was  enabled  whether  they  need  servic- 
ing. Additionally,  the  host  computer  can  disable  certain 
devices  that  are  not  required  for  particular  applications. 
When  sending  data,  the  device  is  able  to  detect  coUi- 
sions.  If  a  peripheral  device  tries  to  output  a  I  and  the 
data  line  is  or  goes  to  a  0,  the  device  assumes  it  has  lost 
a  collision  to  another  device.  This  means  that  another 
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request  transaction.  Bit  A1436  and  A1537  are  reserved 
for  future  use  and  are  set  to  0, 

When  a  device  receives  a  talk  R3  command  the  de- 
vice provides  its  status  (handler  and  address)  to  the  host 
computer.  If  there  are  two  devices  of  the  same  type 
coupled  to  the  bus,  only  one  can  respond  since  the  other 
will  detect  a  collision.  FIG.  5  shows  the  method  of 
assigning  new  addresses  on  the  bus. 

After  receiving  a  talk  R3  signal  Block  101  the  device 
sends  its  status  from  Register  3.  If  the  line  goes  low,  the 
device  determines  that  there  has  been  a  collision  Branch 
104,  it  stops  sending  (untalks  itself)  and  sets  an  internal 
flag  bit  to  indicate  a  collision  Block  106.  The  host  sends 
a  listen  R3  to  tee  mouse  address  Block  107.  Each  com- 


device  is  also  sending  on  the  bus.  When  this  happens  the  ^^  "i^*^*^  resets  the  internal  collision  flag  of  the  device.  The 


losing  device  untalks  itself  from  the  bus  and  preserves 
the  data  which  was  being  sent  for  retransmission.  The 
device  sets  an  internal  flag  bit  if  it  loses  a  colhsion.  Prior 
art  peripheral  devices  were  unable  to  detect  collisions. 


device  checks  to  see  if  its  collision  bit  is  set  Block  108. 
If  the  collision  bit  is  not  set  Branch  109  the  device 
changes  A8  through  All  to  the  soft  address  provided 
by  the  listen  R3  command  Block  111.  In  this  manner  the 


This  novel  feature  of  the  present  invention  permits  ^^  address  of  the  winning  device  is  changed  with  the  host 
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more  efficient  operation  of  the  communications  me 
dium.  By  having  the  device  sense  a  collision,  it  can 
preserve  the  data  that  is  transmitted  and  indicate  to  the 
host  computer  that  it  requires  serving.  Additionally,  the 
collision  detection  scheme  of  the  present  invention  does 
not  require  a  waiting  period  before  a  collision  is  as- 
sumed. A  device  will  end  its  transmission  if  the  line  is 
modulated  by  another  device  or  simply  not  begin  its 
transmission  if  he  Ime  is  already  in  use.  Further,  this 
collision  detection  scheme  is  useful  in  locating  multiple 
devices  at  a  single  hardwired  address  location,  such  as 
mouse  11  and  mouse  12  of  FIG.  1. 

In  such  a  situation,  the  host  will  change  the  address  of 
the  devices  by  forcing  a  collision  of  devices  sharing  the  ,5 
same  address.  The  host  achieves  this  by  issuing  a  talk  R3 
command  addressed  to  those  devices.  As  shown  in  FIG. 
3,  Register  322  (one  of  the  registers  of  the  device)  con- 
tains the  following  information.  Bits  AO  through  A731 
contain  a  device  handler  which  tells  the  host  computer  40 
the  function  of  a  device  and  the  use  of  data  provided  by 
the  device.  Bits  A8  through  A1132  are  an  address  field 
which  can  be  changed  when  more  than  one  device, 
having  the  same  command  address,  is  coupled  to  the 
bus.  In  that  situation,  one  of  the  soft  address  locations 
are  assigned  to  bits  A8  through  A1132  which  then  serve 
as  the  command  address  for  that  device.  Until  that  time, 
those  bit  locations  contain  a  random  number  which  aids 
in  the  detection  of  collisions.  For  example,  if  two  mice 
received  a  talk  R3  talk  command  and  both  began  talking 
at  the  same,  neither  would  detect  a  collision.  However, 
by  having  random  numbers  in  the  address  field  32  of 
register  322,  the  output  of  the  two  devices  will  eventu- 
ally differ.  When  that  occurs,  one  of  the  devices  will 
detect  a  collision  and  stop  talking.  Bit  A1234  is  a  high  55 
speed  enable  bit  which  if  set,  provides  for  data  transmis- 
sion at  the  higher  modulation  rate  (50  microseconds  per 
bit  frame).  The  high  speed  enable  bit  is  set  by  the  host 
computer.  If  the  host  computer  is  unable  to  receive  data 


computer  keeping  track  of  the  new  address  of  the  de- 
vice. If  a  collision  bit  is  detected  by  the  device  after  a 
listen  R3  command  Branch  110,  the  device  does  no 
change  the  soft  address  bits,  but  may  change  other  fields 
in  R3.  The  host  computer  sends  out  another  talk  R3 
command  Branch  101  to  see  if  any  devices  remain  at  the 
mouse  address.  In  this  situation  the  remaining  mouse 
will  send  its  start  bit  Block  102,  not  detect  a  collision 
Branch  105,  and  send  its  status  from  register  3  Block 
112.  The  host  computer  will  send  back  a  listen  R3  com- 
mand to  the  mouse  address  Block  107.  The  remaining 
mouse  will  not  detect  a  collision  bit  being  set  in  this 
instance  Branch  109  so  it  will  change  bits  A8  through 
All  of  register  3  to  the  soft  address  received  from  the 
host  computer  Block  111.  The  host  computer  then 
sends  out  another  talk  R3  command  to  the  mouse  ad- 
dress Block  101.  This  time,  since  no  mouse  remains  at 
that  address,  the  bus  is  timed  out  and  the  host  computer 
knows  that  it  has  assigned  new  addresses  to  each  of  the 
mice  sharing  the  mouse  address. 

In  one  embodiment  of  the  present  invention,  periph- 
eral devices  have  a  device  on  them  to  indicate  activity 
called  the  activator.  The  activator  can  be  a  special  key 
on  a  keyboard  or  a  button  on  a  mouse.  When  more  than 
45  one  of  a  device  is  coupled  to  the  bus,  the  host  computer 
can  display  a  message  requesting  one  of  the  devices  to 
use  the  activator.  The  host  can  then  issue  a  listen  R3 
command  which  will  change  the  address  of  the  device 
which  is  activated.  In  this  manner  individual  devices 
can  be  located  and  assigned  new  addresses  in  multiuser 
applications. 

Thus,  a  peripheral  device  bus  has  been  described 
which  allows  a  plurality  of  peripheral  devices  10  be 
coupled  to  a  host  computer  through  a  single  port. 

What  is  claimed  is; 

1.  A  method  for  transferring  signals  and  data, 
wherein  the  signals  and  data  are  transferred  under  the 
control  of  a  host  computer  between  the  host  computer 
and  first  and  second  peripheral  devices,  wherein  the 


50 


at  the  higher  modulation  rate,  it  sets  the  high  speed  60  signals  and  data  are  transferred  over  a  bus  couphng  the 


enable  bit  low  in  each  of  the  devices.  If  the  host  com- 
puter is  able  to  accept  data  at  the  higher  modulation 
rate,  and  the  device  is  able  to  transmit  at  the  higher  rate, 
(that  information  being  contained  in  the  handler  bits  31 


first  and  second  peripheral  devices  to  the  host  com- 
puter, wherein  the  bus  is  normally  in  a  logical  first  state, 
and  wherein  the  first  and  second  peripheral  devices 
each  initially  contain  an  identical  first  number  as  a  com- 
of  register  3),  the  host  computer  sets  the  high  speed  65  mand  address  for  both  the  first  and  second  peripheral 
enable  bit  34  high  for  the  device.  As  previously  men-  devices,  comprising  the  steps  of: 
tioned.  bit  A13  35  is  service  request  enable  which  is  set  the  host  computer  transmitting  a  plurality  of  first 

by  the  host  to  enable  the  device  to  perform  a  service  signals  over  the  bus,  wherein  the  plurality  of  first 
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signals  include  a  first  talk  command  requesting  any 
peripheral  device  with  the  first  number  as  its  com- 
mand address  to  (1)  transmit  data  to  the  host  com- 
puter and  (2)  reset  a  collision  detect  bit  of  that 
peripheral  device  to  a  logical  second  state;  5 

given  that  the  first  number  is  the  command  address  of 
the  first  peripheral  device,  the  first  peripheral  de- 
vice responding  to  the  first  talk  command  by  at- 
tempting to  transmit  data  over  the  bus  to  the  host 
computer  and,  at  the  same  time»  the  first  peripheral  10 
device  looking  for  a  collision  that  indicates  that  the 
bus  is  currently  in  use,  wherein  a  collision  is  de- 
tected if  the  first  peripheral  device  attempts  to 
transmit  data  in  the  logical  first  state  on  the  bus  but 
the  bus  is  in  or  goes  to  the  logical  second  state;       15 
given  that  the  first  number  is  the  command  address  of 
the  second  peripheral  device,  the  second  peripheral 
device  responding  to  the  first  talk  command  by 
attempting  to  transmit  data  over  the  bus  to  the  host 
computer  and,  at  the  same  time,  the  second  periph-  20 
eral  device  looking  for  a  collision  that  indicates 
that  the  bus  is  currently  in  use,  wherein  a  collision 
is  detected  if  the  second  peripheral  device  attempts 
to  transmit  data  in  the  logical  first  state  on  the  bus 
but  the  bus  is  in  or  goes  to  the  logical  second  state; 
the  furst  peripheral  device  not  detecting  a  collision, 
and  the  first  peripheral  device  transmitting  its  data 
to  the  host  computer  over  the  bus; 
the  second  peripheral  device  detecting  a  collision 
and,  as  a  result,  (1)  the  second  peripheral  device 
setting  the  collision  detect  bit  to  the  logical  first 
state  from  the  logical  second  state  and  (2)  stopping 
the  transmitting  of  data  to  the  host  computer  from 
the  second  peripheral  device  over  the  bus; 
the  host  computer  transmitting  a  plurality  of  second  35 
signals  over  the  bus,  wherein  the  plurality  of  sec- 
ond signals  include  a  first  listen  command  request- 
ing any  peripheral  device  with  the  first  number  as 
its  command  address  to  accept  data  sent  by  the  host 
computer;  40 

the  host  computer  sending  a  second  number  stored  at 

a  first  soft  address  location  as  data  over  the  bus; 
given  that  the  first  number  is  the  command  address  of 
the  first  peripheral  device,  the  first  peripheral  de- 
vice responding  to  the  first  listen  command  by  45 
storing  the  second  number  as  the  command  address 
of  the  first  peripheral  device; 
the  second  peripheral  device  not  accepting  the  sec- 
ond number  from  the  bus  because  the  collision 
detect  bit  of  the  second  peripheral  device  is  set  to  50 
the  logical  first  state; 
the  host  computer  transmitting  a  plurality  of  third 
signals  over  the  bus,  wherein  the  plurality  of  third 
signals  include  a  second  talk  command  requesting 
any  peripheral  device  with  the  first  number  as  its  55 
command  address  to  (1)  transmit  data  to  the  host 
computer  and  (2)  reset  the  collision  detect  bit  of 
that  peripheral  device  to  the  logical  second  state; 
the  first  peripheral  device  not  responding  to  the  sec- 
ond talk  command,  given  that  the  first  number  is  no  60 
longer  the  command  address  of  the  first  peripheral 
device; 
given  that  the  first  number  is  the  command  address  of 
the  second  peripheral  device,  the  second  peripheral 


10 


that  the  bus  is  currently  in  use,  wherein  a  collision 
is  detected  if  the  second  peripheral  device  attempts 
to  transmit  data  in  the  logical  first  state  on  the  bus 
but  the  bus  is  in  or  goes  to  the  logical  second  state; 

the  second  peripheral  device  not  detecting  a  collision, 
and  the  second  peripheral  device  transmitting  its 
data  to  the  host  computer  over  the  bus; 

the  host  computer  transmitting  a  plurality  of  fourth 
signals  over  the  bus;  wherein  the  plurality  of  fourth 
signals  include  a  second  listen  command  requesting 
any  peripheral  device  with  the  first  number  as  its 
command  address  to  accept  data  sent  by  the  host 
computer, 

the  host  computer  sending  a  third  number  stored  at  a 
second  soft  address  location  as  data  over  the  bus; 

the  first  peripheral  device  not  responding  to  the  sec- 
ond listen  command,  given  that  the  first  number  is 
not  longer  the  command  address  of  the  first  periph- 
eral device; 

given  that  the  first  number  is  the  command  address  of 
the  second  peripheral  device,  the  second  peripheral 
device  responding  to  the  second  listen  command 
by  storing  the  third  number  as  the  command  ad- 
dress of  the  second  peripheral  device. 

2.  The  method  of  claim  1  for  transferring  signals  and 
data,  further  comprising  the  steps  of: 

the  host  computer  transmitting  a  plurality  of  fifth 
signals  on  the  bus,  wherein  the  plurahty  of  fifth 
signals  include  a  third  talk  command  requesting 
any  peripheral  device  with  the  first  number  as  its 
command  address  to  (1)  transmit  data  to  the  host 
computer  and  (2)  reset  the  collision  detected  bit  of 
that  peripheral  device  to  the  logical  second  state; 

the  first  peripheral  device  not  responding  to  the  third 
talk  command  given  that  the  fu-st  number  is  no 
longer  the  command  address  of  the  first  peripheral 
device; 

the  second  peripheral  device  not  responding  to  the 
third  talk  command  given  that  the  first  number  is 
no  longer  the  command  address  of  the  first  periph- 
eral device; 

a  time  out  period  elapsing  without  the  first  and  sec- 
ond peripheral  devices  responding,  which  indicates 
to  the  host  computer  that  the  host  computer  has 
completed  assigning  new  command  addresses  to 
the  first  and  second  peripheral  devices. 

3.  The  method  of  claim  2  for  transferring  signals  and 
data,  wherein 

the  plurality  of  first  signals  comprise  an  attention 
signal,  a  synchronization  signal,  the  first  talk  com- 
mand, and  a  stop  signal; 

the  plurality  of  second  signals  comprise  an  attention 
signal,  a  synchronization  signal,  the  first  listen  com- 
mand, and  a  stop  signal; 

the  plurality  of  third  signals  comprise  an  attention 
signal,  a  synchronization  signal,  the  second  talk 
command,  and  a  stop  signal; 

the  plurality  of  fourth  signals  comprise  an  attention 
signal,  a  synchronization  signal,  the  second  listen 
command,  and  a  stop  signal;  and 

the  plurality  of  fifth  signals  comprise  an  attention 
signal,  a  synclironization  signal,  the  third  talk  com- 
mand, and  a  stop  signal. 

4.  The  method  of  claim  3  for  transferring  signals  and 


device  responding  to  the  second  talk  command  by  65  data,  further  comprising  the  step  of  any  of  the  first  and 

attempting  to  transmit  data  over  the  bus  to  the  host  second  peripheral  devices  requiring  service  generating 

computer  and,  at  the  same  time,  the  second  periph-  a  service  request  signal  by  holding  the  bus  at  a  logical 

eral  device  looking  for  a  collision  that  indicates  second  state  for  a  period  of  time  after  transmission  of  a 
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plurality  of  signals  from  the  host  computer  on  the  bus, 
wherein  the  service  request  signal  indicates  to  the  host 
computer  that  at  least  one  of  the  peripheral  devices  has 
data  to  send  to  the  host  computer  and  requests  a  com- 
mand from  the  host  computer  that  would  permit  the 
peripheral  device  to  transmit  the  data  to  the  host  com- 
puter, and  wherein  transmission  of  the  service  request 
signal  is  selectively  enabled  or  disabled  by  the  host 
computer. 

5.  The  method  of  claim  4  for  transferring  signals  and 
data,  wherein  at  least  one  of  the  first  and  second  periph- 
eral devices  comprises  a  mouse. 

6.  The  method  of  claim  4  for  transferring  signals  and 
data,  wherein  at  least  one  of  the  first  and  second  periph- 
eral devices  comprises  a  sketch  pad. 

7.  The  method  of  claim  4  for  transferring  signals  and 
data,  wherein  at  least  one  of  the  first  and  second  periph- 
eral devices  comprises  a  keyboard. 

8.  The  method  of  claim  4  for  transferring  signals  and 
data,  wherein  the  data  is  transferred  on  the  bus  in  a  20 
retum-to-zero  encoding  scheme. 

9.  The  method  of  claim  4  for  transferring  signals  and 
data,  wherein  the  logical  first  state  is  a  logical  high  state 
and  the  logical  second  state  is  a  logical  low  state. 

10.  The  method  of  claim  9  for  transferring  signals  and  25 
data  wherein  a  third  peripheral  device  is  coupled  to  the 
host  computer  by  the  bus,  wherein  when  the  host  com- 


12 


10 


15 


puter  sends  over  the  bus  a  first  address  of  the  third 
peripheral  device  and  a  signal  that  matches  an  extended 
address  of  the  third  peripheral  device,  the  third  periph- 
eral device  is  initially  activated,  and  wherein  when  the 
host  computer  then  sends  over  the  bus  a  subsequent 
command  to  the  first  address  of  the  third  peripheral 
device,  the  command  is  executed  by  the  third  peripheral 
device  without  the  host  computer  sending  the  extended 
address  of  the  third  peripheral  device. 

11,  The  method  of  claim  10  for  transferring  signals 
and  data,  wherein  a  fourth  peripheral  device  is  coupled 
to  the  host  computer  by  the  bus,  wherein  the  fourth 
peripheral  device  has  the  same  first  address  as  the  third 
peripheral  device,  wherein  the  fourth  peripheral  device 
has  an  extended  address  different  from  the  extended 
address  of  the  third  peripheral  device,  wherein  when 
the  host  computer  sends  over  the  bus  the  extended 
address  of  the  fourth  peripheral  device  after  the  third 
peripheral  device  has  been  activated,  the  fourth  periph- 
eral device  is  initially  activated  and  the  third  peripheral 
device  is  deactivated,  and  wherein  when  the  host  com- 
puter then  sends  over  the  bus  a  subsequent  command  to 
the  first  address  of  the  fourth  peripheral  device,  the 
command  is  executed  by  the  fourth  peripheral  device 
without  the  host  computer  sending  the  extended  ad- 
dress of  the  fourth  peripheral  device. 
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ABSTRACT 


The  invented  controller  uses  a  programmable  parame- 
ter scheme  which  makes  it  possible  to  read  and  write  }\ 
inch  variable  and  fixed  speed  drives,  as  well  as  standard 
S\  inch  drives.  Additionally,  the  present  invention  uses 
a  plus/minus  rate  multiplier  to  correct  for  symmetry 
and  frequency  errors.  Also  provided  is  a  form  of  read 
post  compensation  which  corrects  for  peak  shift  effects 
on  disks  with  insufficient  precompensation.  Other  ad- 
vanced features  of  the  present  invention  include  the  use 
of  half  clock  circuits  to  provide  half  clock  resolution  m 
the  signal  being  written  to  and  read  rrom  the  disk  and 
the  capability  of  operating  at  contmuousiy  variable 
clock  speeds  and  data  rates  dynamically  programmable 
by  the  computer. 

2  Claims.  13  Drawing  Sheets 
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FIG.  11  is  a  detailed  block  diagram  of  half  write  logic 
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DISK  DRIVE  CO^^^HOLLER 

This  is  a  division  of  application  Ser.  No.  055,443,  filed 
May  28,  1987. 

SUMMARY  OF  THE  INVENTION 

An  integrated  disk  controller  chip  is  disclosed  which 
is  designed  to  read  and  write  Manchester  ("MFM")  and 
Group  Code  Recording  ("GCR")  formatted  disks  and 
other  formats  under  program  control. 

The  invented  controller  uses  a  programmable  param- 
eter scheme  which  makes  it  possible  to  read  and  write 
^  inch  variable  and  fixed  speed  drives,  as  well  as  stan- 
dard 5\  inch  drives. 

Thus,  with  the  present  invention,  it  is  possible  to  read 
and  write  both  MFM  formatted  disks,  such  as  used  by 
IBM  personal  computers  and  GCR  formatted  disks, 
such  as  used  by  Apple  personal  computers  on  the  same 
disk  drive.  It  is  also  possible  to  write  MFM  format  on  a 
3^  inch  variable  speed  drive  in  such  a  way  that  it  can  be 
read  back  on  fixed  speed  3^  inch  drives. 

The  invented  controller  provides  the  ability  to  per- 
form write  precompensation  to  correct  for  peak  shift 
effects  which  occur  in  magnetically  stored  media. 

Also  provided  is  a  form  of  read  post  compensation 
which  corrects  for  peak  shift  effects  on  disks  with  insuf- 
ficient precompensation.  A  two  byte  read  and  write 
FIFO  is  used  to  provide  software  flexibility. 

The  invented  controller  allows  the  phase  lines  to  be 
programmed  as  either  inputs  or  outputs  which  makes  it 
possible  to  interface  with  a  wide  variety  of  drives.  Ad- 
ditionally, rather  than  using  a  fixed  rate  multiplier,  as 
frequently  employed  in  prior  art  controllers,  the  present  ^^ 
invention  uses  a  plus/minus  rate  multiplier  to  correct 
for  symmetry  and  frequency  errors.  Other  advanced 
features  of  the  present  invention  include  the  use  of  half 
clock  circuits  to  provide  half  clock  resolution  in  the 
signal  being  written  to  disk  and  the  capability  of  operat-  4q 
ing  at  continuously  variable  clock  speeds  and  data  rates 
dynamically  programmable  by  the  computer. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  shows  a  particular  pattern  of  I's  and  O's  in  45 
MFM  format. 

FIG.  2  is  an  overview  block  diagram  of  the  invented 
controller. 

FIG.  3  is  an  overview  block  diagram  of  read  logic  21. 

FIG.  4a  is  logic  diagram  showing  a  portion  of  half  50 
read  logic  41. 

FIG.  46  is  a  graphical  representation  of  the  signals 
generated  by  half  read  logic  41. 

FIG.  4c  is  a  graphical  representation  illustrating  par- 
ticular examples  of  when  the  signal  SHIFT  is  gener-  55 
ated. 

FIG.  5  is  a  detailed  block  diagram  of  post  compensa- 
tion logic  45. 

FIG.  6  is  a  state  machine  diagram  of  correction  stale 
machine  55.  50 

FIG.  7  is  a  detailed  block  diagram  of  error  correction 
logic  56. 

FIG.  8  is  an  overview  block  diagram  of  write  logic 
27. 

FIG.  9  is  a  block  diagram  of  write  data  cransforma-  n5 
uon  logic  75. 

FIG.  10  IS  a  detailed  block  diagram  ot  precompensa- 
lion  logic  77, 


79. 


DETAILED  DESCRIPTION  OF  THE 

INVENTION 


Although  the  present  invention  uses  various  codes 
for  reading  from  and  writing  data  to  disks,  it  will  be 
described  with  reference  to  the  most  frequently  utilized 
coding  scheme,  namely  Manchester  or  MFM  code.  The 
MFM  code  follows  two  basic  rules:  first,  a  transition 
occurs  any  time  that  a  one  is  encountered  in  the  data 
pattern;  and  second,  a  transition  occurs  between  any 
two  adjacent  zeroes.  As  shown  in  FIG.  1,  MFM  code 
produces  a  series  of  2,  3  and  4  unit  distances  (cells) 
between  transitions  which,  based  on  the  these  distances, 
when  read  back,  can  be  resolved  into  the  actual  data 
represented.  Details  regarding  the  reading  and  writing 
of  GCR  formatted  disks  may  be  found  in  U.S.  Pat.  No. 
4,210,959  and  copending  application  Ser.  No.  943. S39. 

In  the  following  description,  numerous  specitlc  de- 
tails are  set  forth  such  as  specific  word  or  byte  lengths, 
etc.,  to  provide  a  thorough  understanding  of  the  present 
invention.  However,  it  will  be  obvious  to  one  skilled  in 
the  art  that  the  present  invention  may  be  practiced 
without  such  specific  details.  In  other  instances,  well 
known  circuits  have  been  shown  in  block  diagram  form 
in  order  not  to  obscure  the  present  invention  in  unneces- 
sary detail. 

MFM  Sector  Format 

The  concept  of  writing  2,  3  and  4  unit  cells  provides 
the  mechanism  by  which  the  data  is  translated  and  writ- 
ten on  the  disk.  But  there  must  be  some  method  for 
organizing  the  data  so  that  a  specific  group  of  data  can 
be  easily  located.  This  is  done  by  writing  the  data  in  a 
sector  format.  A  sector  consists  of  (1)  information 
which  allows  a  controller  to  find  the  start  of  the  sector, 
(2)  details  about  which  sector  is  being  read,  (3)  which 
side  of  the  disk  is  being  read,  (4)  which  track  is  being 
read  (a  track  is  a  group  of  sectors),  (5)  the  length  o(  the 
sector,  and  (6)  cyclical  redundancy  check  (CRC)  error 
detection  information.  Table  1  shows  the  organization 
of  an  MFM  sector. 

TABLE  1 


NO,  OF  BYTES 

DATA  WRITTEN 

-30 

4E 

*12 

00 

TRACK  ID 

•3 

C2  (Mark  Bvtei 

M 

FC  (Index  Mark) 

•50 

4E 

12 

00 

I 

Al  (Mark  Bytei 

FE  (ID  Address  Mark! 

SECTOR  ID 

1 
1 
1 
I 

TRACK.  NUMBER 
SIDE  NUMBER 
SECTOR  NUMBER 
SECTOR  LENGTH 

: 

CRC  INFORMATION 

:2 

AE 

12 

00 

3 

A  I  iMark  Byte) 

dat.a  field 

I 

FB  (Data  Addres-.  Marki 

:5h 

DATA 

2 

CRC  INFORMATION 

:4 

4E 

"i- 

4E 

The  beginning  of  a  track  or  sector  consists  of  a  num- 
ber of  bvtes  ot'  4-E's  (hexidecimal)  which  serve  as  ■■ 
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buffer  zone  between  regions  of  meaningful  information. 
The  next  bytes  in  the  pattern  that  are  written  are  twelve 
bytes  of  zeroes  (2  unit  cells),  known  as  the  "bytes  of 
zeroes".  These  bytes  are  used  to  locate  the  beginning  of 
either  a  track,  a  sector  ID  or  a  sector  data  field.  Follow-  5 
ing  the  bytes  of  zeroes  are  three  mark  bytes.  A  mark 
byte  is  a  special  byte  containing  a  pattern  which  violates 
the  basic  rtiles  of  MFM  (Le.,  has  a  missing  transition). 
This  illegal  pattern  can  be  recognized,  and  provides  two 
very  important  functions:  first,  since  it  is  always  in  the  10 
byte  that  follows  the  bytes  of  zeroes,  it  serves  as  verifi- 
cation that  the  zeroes  are  indeed  the  beginning  of  a 
track,  sector  ID  or  sector  data  field  and  not  data  (Ts  and 
O's)  in  a  data  field  and  second,  the  mark  byte  provides  a 
reference  point  or  synchronization  from  which  the  15 
MFM  rules  may  be  applied  to  decode  the  data.  (With- 
out synchronizing  on  a  known  pattern,  it  is  impossible 
to  tell  the  difference  between  a  string  of  Ts  and  a  string 
of  O's.)  After  the  mark  byte,  the  next  byte  encountered 
in  the  format  pattern  is  the  information  byte.  This  byte  20 
is  used  to  determine  whether  the  region  being  read  is 
the  track  information,  the  sector  ID,  or  the  sector  data 
field.  The  next  four  bytes  in  the  sector  ID  contain  the 
track  number,  side  number,  sector  number  and  sector 
length.  25 

The  ne.\t  bytes  are  the  cyclical  redundancy  checks  or 
CRC  bytes  which  are  used  to  detect  errors  according  to 
well-known  techniques. 

With  the  basic  concepts  of  the  MFM  pattern  and 
MFM  sectors  in  mind,  the  functions  and  structure  of  the  30 
invented  controller  will  now  be  set  forth,  namely  how  it 
handles  the  problems  of  reading,  writing  and  interfacing 
with  a  processor. 

An  overview  block  level  diagram  of  the  invented 
controller  is  shown  in  FIG.  2.  Controller  11  comprises  35 
register  block  15  which  serves  as  an  interface  between 
the  processor  and  the  controller  logic;  interface  logic  16 
which  serves  as  an  interface  between  the  controller  and 
one  or  more  disk  drives;  clock  logic  17,  which  generates 
a  signal  TCLK.  used  by  the  controller  from  the  signal  40 
FCLK   generated   by   the  processor;   read   logic   21; 
FIFO,  CRC  and  mark  logic  24;  write  logic  27;  and 
parameter  RAM  31.  The  device  select  signal  DEV  must 
be  asserted  by  the  processor  in  order  for  the  controller 
to  utilize  the  signals  on  address  lines  A0-A3  and  data  45 
lines  D0-D7.  The  controller  is  reset  whenever  the  pro- 
cessor asserts  RESET. 

Register  Block  15 

Register  block  15  comprises  registers  which  may  be 
accessed  by  the  processor  and  by  the  controller  logic.  50 
Some  of  the  registers  are  read  only,  some  are  write  only 
and  some  are  read/write.  In  this  connection,  from  a 
software  pomt  of  view,  there  are  a  total  of  sixteen  eight 
bit  registers  as  follows:  data  register  (read/write);  mark 
register  (read/write);  error  register  (read);  write  CRC  55 
register  (write);  parameter  data  register  (read/write); 
phase  register  (read/ write);  setup  register  (read/write); 
handshake  register  (read);  mode  register  zeroes  (write); 
mode  register  ones  (write);  and  read  status  register 
(read).  ^ 

Data  Register 

The  data  register  is  the  location  where  data  is  read 
from  or  written  to  a  FIFO  in  FIFO.  CRC  and  mark 
logic  24.  If  a  mark  byte  is  read  from  this  location,  an 
error  will  occur.  A  read  from  this  location  when  Action  65 
(data  bit  3  in  the  mode  register)  is  not  set.  will  provide 
two  bytes  of  error  correction  information.  The  register 
is  set  up  to  toggle  between  the  two  bytes  on  successive 


reads,  thus  providing  both  bytes  of  information.  If  there 
is  still  valid  data  to  be  read  when  Action  is  not  set,  it  can 
be  read  by  reading  the  mark  register. 

Mark  Register 

This  location  is  used  for  reading  and  writing  mark 
bytes.  Writing  to  this  location  will  cause  the  missing 
transition  between  two  zeroes  to  occur.  Reading  from 
this  location  will  allow  a  mark  byte  to  be  read  without 
causing  an  error. 

Error  Register 

This  location  provides  information  on  the  type  of 
error  that  has  occurred.  If  any  of  its  bits  are  set,  an  error 
flag  will  be  set  in  the  handshake  register  as  descnbed 
below.  Once  any  error  bit  has  been  set,  no  other  error 
bit  can  be  set  until  the  register  is  cleared.  Reading  the 
error  register  will  cause  the  register  to  clear.  This  regis- 
ter must  be  cleared  prior  to  beginning  a  read  or  write 
operation.  The  possible  error  conditions  are  as  follows. 

In  write  mode,  when  bit  0=1,  the  FIFO  is  being 
underrun  by  the  processor.  In  other  words,  the  FIFO  is 
empty  and  the  processor  has  not  acknowledged  the 
handshake  by  writing  another  byte.  In  read  mode,  when 
bit  0=1,  the  FIFO  has  two  bytes  to  be  read,  but  the 
processor  is  not  reading  them  fast  enough. 

When  bit  1  =  1,  a  byte  which  was  read  from  the  data 
register  was  a  mark  byte. 

In  write  mode,  when  bit  2  =  1,  the  processor  is  writ- 
ing faster  than  the  FIFO  is  requesting  bytes,  In  read 
mode,  when  bit  2=1,  the  processor  is  reading  bytes 
faster  than  they  are  available. 

When  bit  3  =  1,  the  correction  number  obtained  in  the 
correction  state  machine  (described  in  conjunction  with 
FIG.  5  hereinbelow)  is  so  large  that  the  error  cannot  be 
corrected. 

When  bit  4=  1,  the  transition  occurred  before  the  first 
short  counter  (SOT)  pulse  (described  in  conjunction 
with  FIG.  4  below)  which  indicates  that  the  cell  was 
too  narrow  to  be  a  legal  cell. 

When  bit  5  =  1,  the  fourth  SCT  pulse  occurred  before 
the  transition  which  implies  that  the  transition  was  too 
wide  to  be  a  valid  cell. 

When  bit  6=1,  there  were  three  marginal  transitions 
in  a  row  which  implies  that  the  transitions  cannot  be 
resolved. 

Bit  7  of  the  error  register  is  not  used. 

Write  CRC  Register 

A  write  to  the  CRC  register  will  set  a  status  bit  in  the 
FIFO  which  will  cause  the  CRC  bytes  to  be  written  on 
the  disk. 

Since  the  status  bit  moves  through  the  FIFO,  the 
CRC  bytes  will  shift  out  after  the  last  bit  of  data  is 
written. 

Parameter  Data  Register 

The  parameter  data  register  is  where  sixteen  bytes  of 
parameter  data  from  parameter  RAM  31  are  written 
and  read.  This  register  comprises  a  counter  which  in- 
crements the  address  parameter  RAM  31  each  time  a 
write  or  read  to  the  register  occurs.  The  sixteen  bytes  of 
data  can  be  written  or  read  by  successively  writing  to  or 
reading  from  this  register.  Thus,  the  four  bit  address 
placed  on  parameter  address  line  30  accesses  si.xteen 
locations  in  RAM  31  and  the  data  from  the  accessed 
location  is  placed  on  the  eight  bit  parameter  data  bus  32. 
The  increment  counter  presets  the  addresses  to  zero 
each  time  a  write  to  the  mode  register  zeros  occurs.  The 
data  is  stored  in  RAM  31  in  the  following  sequence  ithe 
meanings  of  (he  various  parameters  will  be  -^et  t'ortti 
below); 
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RAM  Address 

Parameter 

0000 

MIN  CELL  TIME  (MIN) 

0001 

CORRECTION 

MULTIPLIER  (MULT(K)) 

0010 

SSL 

0011 

SSS 

0100 

SLL 

0101 

SLS 

Olio 

RPT 

0111 

CSLS 

1000 

LSL 

1001 

LSS 

1010 

LLL 

1011 

LLS 

1100 

EARLY/NORM 

1101 

TIMED 

1110 

LATE/NORM 

nil 

TIME  I 

10 


20 


25 


35 


40 


The  MIN  parameter  is  the  minimum  number  of 
clocks  needed  to  determine  a  valid  transition. 

The  MULT(K)  parameter  is  a  weighting  factor  for 
normalizing  drive  speed  to  an  ideal  speed.  The  SSL, 
SLL,  SLS,  RPT,  CSLS,  LSL,  LSS,  LLL  and  LLS 
parameters  are  eight  bit  fields  used  during  post  compen- 
sation. The  EARLY/NORM  and  LATE/NORM  pa- 
rameters are  eight  bit  fields  used  during  precompensa- 
tion  (four  bits  for  each  of  EARLY,  LATE  and 
NORM.)  TIMEl  is  an  eight  bit  field  containing  the  time 
delay  associated  with  a  transition  sent  to  the  drive. 
TIMEO  is  an  eight  bit  field  containing  the  additional 
time  delay  associated  without  sending  a  transition  to  the 
drive.  TIMEl  and  TIMEO  are  7  bits  long.  The  low 
order  bit  of  each  (HLFBIT)  is  used  by  the  half  write 
logic,  to  lengthen  WRDATA  by  one-half  clock  when 
desired. 

Each  of  the  foregoing  parameters  is  dynamically 
programmable  by  the  computer.  In  this  manner,  the 
controller  can  be  programmed  to  run  at  a  clock  speed 
and  data  rate  determined  by  the  computer.  Such  pro- 
grammable parameters  enable  the  controller  to  inter- 
changeably read  and  write  constant  angular  velocity 
dnves  and  constant  linear  velocity  drives. 

Phase  Register 

The  phase  register  is  used  to  read  and  write  the  four 
phase  lines  (phase  0,  phase  1,  phase  2  and  phase  3)  which  4-5 
are  used  to  control  or  read  status  from  the  disk  drive. 
The  four  phase  lines  can  be  independently  programmed 
as  either  inputs  or  outputs  depending  on  the  state  of  the 
other  four  bits  in  the  register.  The  phase  lines  default  to 
low  outputs  on  reset.  The  function  of  each  of  the  eight  50 
bits  in  the  phase  register  is  as  follows: 

Bit  0  IS  used  to  set  the  polarity  of  the  phase  0  line 
when  programmed  as  an  output. 

Bit  1  is  used  to  set  the  polarity  of  the  phase  1  line 
when  programmed  as  an  output. 

Bit  2  is  used  to  set  the  polarity  of  the  phase  2  line 
when  programmed  as  an  output. 

Bit  3  is  used  to  set  the  polarity  of  the  phase  3  line 
when  programmed  as  an  output. 

Bit  4  =  0  indicates  chat  the  phase  0  line  is  an  input. 

Bit  4=  1  indicates  that  the  phase  0  line  is  an  output. 

Bit  5  =  0  indicates  that  the  phase  1  line  is  an  input. 

Bit  5=1  indicates  that  the  phase  I  line  is  an  output. 

Bit  6  —  0  indicates  thai  the  phase  2  line  is  an  input. 

Bit  6=1  indicates  that  the  phase  2  line  is  an  output. 

Bit  7  =  0  indicates  that  the  phase  3  line  is  an  input. 

Bit  7  =  1  indicates  that  the  phase  3  line  is  an  output. 

Setup  Register 


55 


60 


The  setup  register  is  used  to  set  the  controller  into  its 
various  modes.  This  register  will  reset  to  all  zeroes 
when  a  reset  occurs.  The  function  of  each  of  the  eight 
bits  m  the  register  is  as  follows: 

Bit  0=  1  will  cause  HEDSEL  to  be  output 

Bit  1=0  3.5  inch  drive  not  selected 

Bit  1  =  1  3.5  inch  drive  selected 

Bit  2=0  normal  operation. 

Bit  2=1  sets  the  controller  into  GCR  mode. 

Bit  3=0  normal  operation. 

Bit  3=1  causes  the  internal  clock  frequency  to  be 
divided  by  two. 

Bit  4=0  disables  the  correction  state  machine. 

Bit  4=1  enables  the  correction  state  machine. 

Bit  5=0  sets  up  the  read  and  write  signals  for  Apple 
type  drives. 

Bit  5=1  sets  up  the  read  and  write  signals  for  IBM 
type  drives. 

Bit  6=0  normal  operation. 

Bit  6=1  causes  the  read  and  write  data  transforma- 
tion logic  (described  below)  to  be  bypassed.  This 
bit  must  be  set  whenever  the  GCR  or  3.5  inch  drive 
modes  are  set. 

Bit  7=0  will  produce  no  timeout  when  turning  off 
Motoron  (mode  register,  bit  7). 

Bit  7=1  causes  the  Motoron  bit  to  stay  on  for  h  sec- 
ond (at  16  Mhz)  after  the  drive  Is  disabled. 

Handshake  Register 

The  handshake  register  performs  the  following  func- 
tions. 

When  bit  0=1  the  ne.\t  byte  to  be  read  from  the 
FIFO  is  a  mark  byte. 

When  bit  1  =  0,  the  CRC  register  became  ail  zeroes 
when  the  second  CRC  byte  passed  through  the  register. 
This  bit  is  valid  when  the  second  CRC  byte  is  the  next 
to  be  read  from  the  FIFO. 

Bit  2  is  used  to  read  the  read  data  signal  from  the 
drive. 

Bit  3  is  used  to  read  the  SENSE  input  from  the  drive. 

Bit  4  is  used  to  read  the  status  of  Motoron  (Mode 
Register  bit  7. 

Bit  5  =  1,  indicates  one  of  the  bits  in  the  error  register 
has  been  set  to  a  one.  This  bit  is  cleared  by  reading  the 
error  register. 

When  bit  6=1,  in  write  mode,  there  are  two  bytes  of 
available  space  in  the  FIFO.  In  read  mode,  when  bit 

6  =  1,  there  are  two  bytes  to  be  read  from  the  FIFO. 

When  bit  7  =  1,  in  write  mode,  there  is  one  byte  of 
available  space  in  the  FIFO.  In  read  mode,  when  bit 

7  =  1,  there  is  one  byte  to  be  read  from  the  FIFO. 

Mode  Register  (Write  Zeroes  and  Write  Ones) 
The  mode  register  is  used  to  set  the  various  status  bits 
of  the  controller.  A  bit  can  be  set  to  zero  by  writing  lo 
the  Write  Zeroes  location  with  the  corresponding  bit 
set  to  a  one.  A  bit  can  be  set  to  a  one  by  writing  to  the 
Write  Ones  location  with  the  corresponding  bit  set  to  a 
one.  This  scheme  is  used  in  order  to  make  it  possible  to 
modify  a  particular  bit  without  having  to  rewrite  the 
entire  register.  The  register  is  cleared  to  zeroes  when  a 
reset  occurs.  The  Action  bit  (bit  3)  will  be  cleared  any- 
time there  is  any  error  while  writing. 

Bit  0  is  used  to  clear  the  FIFO.  This  bit  must  be  set 
and  then  cleared  on  successive  operations.  Read  or 
Write  mode  (bit  4)  must  be  established  prior  to  setting 
bit  0  smce  the  FIFO  will  clear  to  opposite  states  de- 
pending upon  whether  a  write  or  read  operation  is 
about  to  take  place- 
When  bit  1  =  0.  drive  1  is  not  enabled. 
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When  bit  1  =  1,  drive  1  is  enabled. 

When  bit  2=0,  drive  2  is  not  enabled. 

When  bit  2-1,  drive  2  is  enabled. 

When  bit  3  =  0,  Action  is  not  set. 

When  bit  3  =  1,  Action  is  set.  5 

Bit  3  is  used  to  start  the  read  and  write  operation. 
This  bit  should  only  be  set  after  everything  else  has 
been  setup.  When  writing,  two  bytes  of  data  should 
be  written  into  the  FIFO  prior  to  setting  this  bit  in 
order  for  the  FIFO  to  start  shifting  immediately.     10 

When  bit  4—0,  the  controller  is  placed  into  Read 
mode. 

When  bit  4=1,  the  controller  is  placed  into  Write 
mode.  • 

When  bit  5=0,  the  side  0  head  b  selected  (HEDSEL  15 
is  reset.) 

When  bit  5  =  1.  the  side  1  head  is  selected  (HEDSEL 
is  set.) 

Bit  6  is  QOt  used  and  always  reads  back  as  set. 

When  bit  7  =  0,  Motoron  is  disabled.  20 

When  bit  7  =  1,  Enable  1  and  Enabie2  signals  are  as- 
serted, for  enabling  drive  1  and  drive  2.  This  bit 
must  not  be  cleared  until  after  the  Action  bit  is 
cleared, 

Read  Status  Register  25 

This  register  is  used  to  read  back  the  status  of  the 
mode  register. 

The  registers  in  register  block  15  communicate  with 
the  other  blocks  in  controller  11  by  signals  on  the  vari- 
ous ST.ATUS  (for  Inputs)  and  CONTROL  lines  (for  30 
outputs),  as  will  be  set  forth  in  detail  below. 

Interface  Logic  16 

The  registers  in  register  block  15  communicate  with 
the  drive  by  signals  on  the  STATUS  lines  (for  inputs) 
and  CONTROL  lines  (for  outputs)  using  conventional  35 
and  well  known  techniques. 

Clock  Logic  Block  17 

The  inputs  to  clock  logic  block  17  are  the  system 
clock  signal  FCLK  from  the  processor  which  typically 
is  a  7-24  Mhz  clock  and  a  signal  from  register  block  15  40 
which  causes  the  clock  to  run  at  its  full  speed  or  half 
speed  (bit  3  of  the  Setup  Register).  Clock  logic  block  17 
outputs  the  clock  signal  TCLK  which  is  used  by  the 
invented  controller.  Thus.  TCLK  is  either  FCLK  or 
one-half  of  FCLK.  45 

Read  Logic  Block  21 

FIG.  3  is  an  overview  block  diagram  of  read  logic  21, 
including  the  applicable  portions  of  FIFO,  CRC  and 
mark  logic  block  24  which  are  shared  with  write  logic 
block  27.  50 

Data  is  read  from  a  disk  by  means  of  a  signal  called 
RDDATA  generated  by  the  drive  as  the  read  head 
passes  over  the  magnetic  media.  This  signal  consists  of 
pulses  which  are  spaced  at  2,  3  and  4  units  apart,  which 
of  course  is  the  data  in  its  MFM  translated  form.  If  all  55 
conditions  were  ideal,  to  convert  the  MFM  formatted 
data  into  its  actual  data,  it  would  be  a  relatively  simple 
matter  to  determine  whether  a  cell  is  2,  3,  or  4  units 
long,  then  decode  the  data,  and  transfer  the  data 
through  a  serial  to  parallel  shift  register  for  use  by  the  60 
processor.  However,  conditions  are  rarely,  if  ever, 
ideal.  A  first  problem  is  known  as  peak  shift  which 
occurs  due  to  the  non-ideal  nature  of  the  properties  of 
magnetic  media.  Specifically.  U  is  known  that  a  2  unit 
cell  on  a  disk  is  crowded  together  more  than  a  3  or  a  4  65 
unit  cell,  m  a  relative  isense.  The  etfeci  of  this  crowding 
IS  that  2  ami  ceils  will  tend  to  push  out  their  transitions 
mto  the  reeion  of  ;i  3  or  4  unit  cell,  when  a  2  unit  cell  is 


adjacent  to  a  3  or  4  unit  cell.  This  pushing  out  causes 
such  a  2  unit  cell  to  be  longer  than  it  should  be,  and  a  3 
or  4  unit  cell  to  be  shorter  than  it  should  be  when  the 
data  is  read  back. 

When  the  data  is  written,  it  is  known  in  the  art  to  use 
a  technique  known  as  precompensation  to  correct  for 
this  problem,  wherein  a  transition  is  caused  to  occur 
earlier  or  later  when  writing.  That  is,  precompensation 
makes  4  and  3  unit  cells  longer  and  2  unit  ceils  shorter 
when  they  are  next  to  each  other  during  disk  writes. 

However,  if  the  disk  that  is  being  read  was  not  writ- 
ten by  a  controller  which  uses  precompensation,  or  the 
precompensation  used  was  not  enough,  errors  may 
occur  reading  back  the  data  due  to  effects  of  peak  shift. 
This  problem  is  solved  in  the  present  invention  by  using 
post  compensation  which  will  be  described  in  detail 
ijelow.  Other  problems  that  can  occur  are  that  the  speed 
of  the  disk  drive  or  the  frequency  of  the  clock  can  be 
off,  or  there  can  be  some  other  form  of  systematic  error 
in  the  data.  Such  errors  can  also  make  it  very  difficult  ro 
read  back  the  data  reliably.  Such  errors  are  corrected  in 
the  present  invention  by  use  of  a  correction  state  ma- 
chine. The  discussion  of  the  read  logic  will  set  forth 
how  the  post  compensation  and  correction  state  ma- 
chine work,  along  with  a  description  of  how  the  begin- 
ning of  a  track  or  sector  is  located,  how  the  mark  byte 
is  detected,  and  what  starts  the  process  of  transferring 
data  into  the  FIFO. 

Read  logic  block  21  comprises  half  read  logic  41.  post 
compensation  logic  45,  data  transformation  state  ma- 
chine 49,  shift  register  51,  correction  state  machine  55 
and  error  correction  logic  56.  Also  shown  in  FIG,  3  are 
FIFO  57,  CRC  logic  59  and  mark  logic  61.  which  ele- 
ments are  from  FIFO,  CRC  and  mark  logic  block  24.  as 
shown  in  FIG.  2. 

Half  Read  Logic  41 

Half  read  logic  41  causes  2  unit  cell,  3  unit  cell  and  4 
unit  cell  input  signal  RDDATA  which  is  asynchronous 
with  respect  to  the  internal  clock  TCLK  to  become 
synchronous  with  TCLK  and  transformed  so  that  each 
RDDATA  pulse  is  precisely  one  TCLK  wide.  The 
synchronized  and  transformed  output  is  referred  to 
herein  as  TRANCK. 

In  particular,  half  read  logic  41  detects  whether  a 
RDDATA  pulse  occurred  in  the  first  or  second  half  of 
the  clock  cycle  thereby  providing  half  clock  resolution 
of  the  input  pulse.  Depending  on  the  combination  of 
which  half  of  the  clock  cycle  the  current  RDDATA 
pulse  occurred  in,  and  in  which  half  the  previous 
RDDATA  pulse  occurred  in,  there  might  have  been  an 
error  in  resolving  RDDATA  into  TRANCK.  Thus,  the 
half  read  logic  will  stretch  the  bounds  which  are  deter- 
mining the  cell  time  by  one  clock.  This  will  effectively 
shonen  the  distance  between  TRANCK  pulses  by  one 
clock,  thereby  correcting  for  the  error  in  the  one  clock 
sample  time. 

If  the  cell  times  of  the  data  coming  from  drive  are 
very  accurate,  there  is  no  problem  resolving  the  data 
because  the  parameters  can  be  set  to  fit  in  the  middle  of 
each  region  and  there  is  sufficient  margin  between  the 
SCT  and  LCT  pulses  generated  by  SCT  and  LCT 
counters  (described  below  with  the  description  of  FIG. 
5)  and  TRANCK  pulses.  However,  m  reality  due  to 
drive  and  noise  error  there  can  be  some  error  in  the 
values  of  the  cell  times.  This  can  cause  the  SCT  .inu 
LCT  pulses  and  the  TRANCK  pulses  to  fall  very  ciose 
to  each  other  making  it  difficult  to  tell  the  difference 
between  two  different  cell  times. 
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Without  halfclock  resolution,  what  is  intended  to  be  2 
3  4  pattern  can  be  transformed  into  a  3  3  3  pattern.  Such 
error  can  occur  since  data  can  only  be  sampled  on  the 
rising  edge  of  the  clock.  Thus,  if  a  first  RDDATA  pulse 
occurs  just  after  the  rising  edge  of  the  clock  and  a  sec-  5 
ond  RDDATA  pulse  occurs  just  prior  to  the  rising  edge 
of  the  clock,  almost  one  full  clock  of  error  has  been 
introduced  in  the  length  of  the  cell.  This  problem  can  be 
reduced  by  determining  which  half  of  the  clock  cycle 
the  RDDATA  pulse  occurred  in  and  shifting  the  SCT  ^^ 
and  LCT  pulses  (as  described  below)  by  one  count  to 
compensate.  Shifting  the  SCT  and  LCT  pulses  will 
effectively  change  the  distance  between  TRANCK 
pulses.  The  overall  effect  is  that  the  distance  between 
RDDATA  pulses  can  be  resolved  to  within  one  half  ^^ 
clock  of  the  actual  distance  instead  of  one  clock.  The 
effective  half  clock  shift  of  SCT  and  LCT  can  take 
place  in  two  manners.  First  to  compensate  for  the  prob- 
lem just  mentioned  and  second  to  allow  for  better  reso- 
lution in  calculating  the  parameters  for  the  SCT  and 
LCT  counters.  FIGS.  46  and  4c  show  a  schematical 
representation  of  how  a  shift  signal  used  by  the  counters 
is  generated. 

Specifically,    FIGS.    4^    and    4c    shows    that    the  ^^ 
TRANCK  signal  is  formed  such  that  it  is  delayed  for 
four  clocks.  This  pipelining  is  necessary  to  be  able  to 
know  when  the  TRANCK  is  going  to  occur  four  clocks 
before  it  occurs.  The  RDDATA  signal  is  synchronized 
to  the  nearest  halfclock  and  then  delayed  by  one  clock  ^q 
to  generate  the  signal  RT3  as  shown  in  FIG.  4a,  which 
shows  a  particular  implementation  of  half  read  logic  41. 
When  the  TCK  signal  becomes  vahd,  RT3  is  sampled. 
If  RDDATA  occurred  in  the  first  half  of  the  clock 
cycle,  RT3  would  be  a  one.  If  RDDATA  occurred  iri  35 
the  second  half  of  the  clock  cycle,  RT3  would  be  zero. 
This  information  is  then  latched  in  as  signal  called 
BIAS.  The  signal  BIAS  is  set  to  a  zero  if  RDDATA 
occurred  in  the  first  half  of  the  clock  cycle,  and  is  set  to 
a  one  if  it  occurred  in  the  second  half  of  the  clock  cycle.  40 
The  signal  NSTART  is  used  to  latch   BIAS  when 
TRANCK  occurs.  This  is  used  on  the  next  RDDATA 
to  determine  what  has  just  occurred  since  the  BIAS 
signal  will  change  on  the  next  TCK.  As  mentioned 
above,  to  avoid  introducing  errors  resulting  from  the  45 
asynchronous     nature     of     the     clock     signal     and 
RDDATA,  it  must  be  known,  in  advance,  whether 
SCT  and  LCT  should  or  should  not  be  shifted  near  a 
TRANCK.  This  can  now  be  resolved  using  the  infor- 
mation   generated.    Since    it    is    known    when    the  50 
TRANCK  is  going  to  occur  four  clocks  prior  to  it 
actually  occurring,  and  it  is  known  which  half  of  the 
clock  cycle  the  RDDATA  pulse  that  generated  the 
TRANCK  occurred  in.  and  the  same  information  about 
the  previous  RDDATA  pulse  is  known,  a  signal  called  55 
SHIFT  can  be  generated  which  will  cause  the  compari- 
son point  in  the  SCT  and  LCT  counters  451  and  453  to 
be  altered  by  one  count  thereby  correcting  to  the  near- 
est half  clock.  The  equation  For  generating  SHIFT  is 
FIl.\CTION        *NSTART*BTaS  + FRACTION        *  60 
NSTART*BIAS.  SHIFT  is  set  with  TCKl  and  reset 
with  TRANCK.  FRACTION  is  the  low  order  bit  of 
the  parameter  loaded  in  each  of  SCT  counter  451  and 
LCT  counter  453. 

Post  Compensation  Logic  45  b5 

Post  compensation  logic  45  corrects  errors  caused  by 
the  effects  of  peak  shifting.  .A.  detailed  block  diagram  o( 
post  compensation  logic  45  is  shown  in  FIG.  5. 


Post  compensation  logic  comprises  two  7-bit  count- 
ers 451  (SCT)  and  453  (LCT),  a  bound  detector  455  and 
two  4-bit  shift  registers  457  and  459.  The  counters  are 
used  to  place  pulses  at  certain  time  intervals  between 
transitions.  The  presets  of  these  counters  are  the  param- 
eters SSL,  SSS,  SLL,  SLS,  RPT,  CSLS,  LSL,  LSS, 
LLL  and  LLS  which  are  programmed  by  the  software 
and  enable  the  controller  to  handle  various  cell  times. 
The  SCT  counter  451  loads  parameters  which  are  cal- 
culated to  represent  a  ceil  which  has  a  short  cell  (i.e.  2 
unit)  following  it.  The  LCT  counter  453  loads  parame- 
ters which  are  calculated  to  represent  a  cell  time  which 
has  a  long  cell  (i.e.  3  or  4  unit)  following  it.  Addition- 
ally, the  parameters  loaded  depend  on  the  previous  cell 
time.  In  this  connection,  the  counter  parameters  SSS, 
LSS,  SLS  and  LLS  are  used  by  the  SCT  counter  and 
the  SSL,  LSL,  SLL  and  LLL  parameters  are  used  by 
the  LCT  counter.  (The  letters  represent  Long  or  Short 
previous/current/next  cell  times;  e.g.,  the  SSL  parame- 
ter is  used  when  the  previous,  and  current  cell  times  are 
short  and  next  cell  time  is  long.)  RPT  is  the  maximum 
number  of  clocks  which  may  occur  before  a  valid  tran- 
sition. CSLS  is  an  addition  correction  used  by  the  post- 
compensation  logic  under  certain  conditions.  The  fol- 
lowing describes  how  the  parameters  are  calculated. 

The  parameters  are  calculated  based  on  the  clock 
frequency  and  cell  times.  Therefore  it  is  required  to 
know  both  of  these  factors  before  calculating  parame- 
ters. For  calculating  post  compensation  parameters,  it  is 
required  to  know  the  amount  of  peak  shift.  This  factor 
can  be  expressed  as  a  percentage  of  the  minimum  ceil 
time  MIN.  The  first  step  in  calculating  the  parameters  is 
to  determine  the  number  of  clocks  (Nclks)  for  each  of 
the  three  cell  times.  This  is  done  as  follows: 

Nclks=length  of  cell  (in  s)  *  clock  frequency  (in 
Mhz). 

The  three  different  cell  times  will  be  defined  as 
Nclkl,  Nclk2  and  Nclk3.  The  MIN  parameter  is  defined 
to  be  the  minimum  value  that  a  cell  must  be.  This  value 
is  arbitrarily  placed  at  the  midpoint  between  between 
zero  and  the  first  transition  time.  Therefore. 

MIN^Nclkl/2 

The  rest  of  the  parameters  are  calculated  m  a  similar 
fashion  such  that  the  bounds  will  be  placed  at  the  mid- 
point between  two  cell  times.  The  only  difference  is  that 
there  is  a  different  amount  of  peak  shift  for  different 
combinations  of  cell  times  next  to  each  other  makmg  it 
necessary  to  compensate  differently  for  each.  The 
amount  of  peak  shift  per  edge  can  be  calculated  as  fol- 
lows: 


peak  shift  =  PS  =  ■"?  peak  .hiu 


iper  minimum  cell  iimei 

"Nclkl 


This  number  represents  the  number  of  clocks  that  an 
edge  is  affected  if  a  2  unit  cell  is  next  to  a  3  or  4  unit  ceil 
or  vice  versa.  With  this  in  mind,  the  remaimng  parame- 
ters can  be  calculated  as  follows: 


SSS  = 

iNcIki 

-  Nclkl)/:  -  INT(\llNi 

-  I'S 

SSL  = 

(NVlkl 

-  Nclk:*/:  -  INTiMlN) 

LSS  = 

1  Nclkl 

-  Nclk:)/:  -  [NTiMlNi 

LSL  = 

!  Nclkl 

-  Ncik:)/:   -  iNT'MINt 

-   i'S 

SLS  = 

iNcik: 

-  Ni.ik3i/:  -  int^sssf  - 

:'i's 

SLL  = 

>Ncik: 

-  Nclkji.:    -  INTiSSLi   - 

-  i'S 

LLS  = 

'Ncik: 

-  Nclk:>   :    -   INTiLSLi 

-  PS 

LLL  = 

iNclk: 

~  Nclk?v:   -   iNTiLSLi 
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CSLS  =   SLL  -  INT{LSL) 


The  RPT  parameter  is  simply  a  maximum  bound    5 
check.  Therefore,  its  value  is  not  constrained  to  a  par- 
ticular value,  but  it  must  meet  the  following  require- 
ment: 


RPT=  ><NclIt3-Ncik2>+2-PS 


10 


These  values  must  be  converted  to  hexidecimal  (Hex) 
since  they  represent  presets  to  binary  counters.  This  is 
done  by  rounding  each  value  to  the  nearest  half  and 
converting  the  integer  portion  into  its  Hex  equivalent  15 
value.  This  value  is  mapped  into  the  upper  7  bits  of  the 
corresponding  8  bit  parameter.  The  low  order  bit 
(FRACTION)  is  set  to  a  one  if  the  fractional  part  of  the 
number  is  one-haJf,  otherwise  it  is  set  to  a  zero. 

The  use  of  the  parameters  will  now  be  described  with 
reference  to  a  particular  example. 

Assume: 

Fclk=16Mhz. 

Cell  times  are  4.  6  and  8  s. 

Post  Comp  =  3%  of  4  s  cell  time. 

This  implies: 

NCLK1  =  4  '  16=64  Clocks 

NCLK2  =  6  *  16=96  Clocks 

NCLK3  =  8  *  16=128  Clocks 

PS  =  3%  *  64Clocks=1.92  Clocks 

Therefore  the  parameters  are: 


20 


25 


30 


NUN  =  o4/:  -                                                     32.00  Clocks 

SSS  =  (64  ^  96)/2  -  32  -  1.92  =                 46.08  Clocks 

SSL  =  (64  +  96)/2  -  32  =                           48.00  Clocks 

i5 

LSS  =  (64  +  96V2  -  32  =                           48.00  Clocks 

LSL  =  (64  +  96)/2  -  32  4-  1.92  =              49.92  Clocks 

SLS  =  (96  -  128V2  -  46  2'1,92  =              62.16  Clocks 

SLL  =  (96  ^   128)/2  -  48  -  1.92  =^              62.08  Clocks 

LLS  =  (96  -   12S)/2  -  48  -  1.92  ^              62.08  Clocks 

LLL  =  i9ft  ^  12SV2  -  49  =                           63.00  Clocks 

40 

RPT  =  i:S  -  96  ~  2*1.92  =                         35.34  Clocks 

Converting  these  parameters  to  Hex  yields  the  fol- 

lowing; 

MIN  =  S40 

45 

SSS  =  S5C 

SSL=S60 

LSS  =  S60 

LSL  =  S64 

SLS  =  $7C 

50 

SLL  =  S7C 

LLS-S7C 

LLL  =  S7E 

RPT  =  S48 

The  other  dynamically  programmable  parameters  are 

55 

calculated  as  follows: 

ML'LT(K)  =                (:56'2!6l/(32«Ni:ik!) 

TIMEl   =                       Ncikl 

TIMED  =                       Nclkl  /: 

60 

NORM  =                       .\rbitrarv 

L.ATE  -                        NORM  -  Pre  Comp  -  Ncticl 

E.ARLY  -                     NORM  -  Pre  Comp  ■  Nctkl 

Pre  Comp  is  selectable  by  the  software  as  a  percent-  n: 
ase  of  the  MI\  cell  time. 

Bound   detector   455   counts  the   number  of  pulses 
which  occur   between   TRANCK   transitions.    If  one 


pulse  occurs  between  transitions,  then  the  cell  must  be  a 
two  unit  cell,  if  two  pulses  occur  between  transitions 
then  the  cell  must  be  a  three  unit  cell,  and  if  three  pulses 
occur  between  transitions  then  it  must  be  a  four  unit 
cell. 

The  reason  for  having  two  counters  is  that  depending 
on  whether  the  next  cell  is  long  (a  3  or  4  unit  cell)  or 
short  (a  2  unit  cell)  the  pulses  may  occur  in  different 
positions  because,  for  example,  a  3  unit  cell  will  be 
shorter  when  next  to  a  2  unit  cell  than  when  next  to  a  3 
or  4  unit  cell.  If  both  counters  generate  the  same  num- 
ber of  pulses  between  transitions,  then  bound  detector 
455  simply  generates  a  space  (a  0)  for  each  pulse  and  a 
transition  (a  1)  at  the  end  of  the  transition  time.  Such 
output  is  referred  to  herein  as  the  trans-space  data  pat- 
tern. If  the  two  counters  generate  a  different  number  of 
pulses  between  transitions,  then  the  length  of  the  cur- 
rent cell  cannot  be  determined  until  the  next  transition 
time  is  determined. 

Two  4-bit  shift  registers  457  and  459  keep  track  of 
what  has  happened  until  the  next  cell  has  been  deter- 
mined, thus  making  it  possible  to  determine  the  length 
of  the  uncertain  cell. 

Correction  State  Machine  55 

Correction  state  machine  55  corrects  systematic  er- 
rors such  as  those  caused  by  a  drive  that  runs  too  fast  or 
too  slow  or  by  an  inaccurate  clock.  A  stale  machine 
diagram  of  correction  state  machine  55  is  shown  in 
FIG.  6. 

In  MFM  format,  the  beginning  of  a  sector  or  track 
can  be  located  by  finding  the  12  bytes  of  zeros  foUosved 
by  the  mark  byte.  In  the  present  invention,  correction 
state  machine  55  is  used  to  sync-up  on  the  bytes  of 
zeroes  followed  by  the  mark  byte. 

Specifically,  the  state  machine  looks  for  a  string  of 
minimum  cells  by  looking  at  the  number  of  SCT  pulses 
that  occur  between  TRANCK  pulses.  If  the  state  ma- 
chine sees  64  cells  which  have  only  one  SCT  pulse 
between  transitions,  then  it  knows  that  it  has  found  a 
region  of  minimum  cells.  The  machine  then  looks  to  see 
if  the  first  non-minimum  cell  is  part  of  a  mark  byte.  If 
this  is  the  case  then  the  rest  of  the  bits  staH  shifting  into 
the  shift  register  51  and  FIFO  57  will  begin  functioning. 
Otherwise  the  state  machine  will  go  back  into  the  state 
which  looks  for  a  string  of  minimum  cells. 

The  state  diagram  of  FIG.  6  shows  how  correction 
stale  machine  55  works.  It  starts  out  in  the  000  state  and 
stays  there  until  it  gets  a  transition.  At  this  point  it  goes 
into  the  001  state  where  it  stays  until  it  encounters  32 
minimum  cells.  If  32  pairs  of  minimum  cells  are  then 
counted,  the  machine  proceeds  on  to  the  010  state,  oth- 
erwise it  goes  back  to  look  for  another  transition.  Once 
it  has  encountered  the  32  pairs,  it  waits  for  the  first 
non-minimum  transition  to  occur  in  state  Oil.  If  this 
non-minimum  cell  is  part  of  a  mark  byte,  then  it  pro- 
ceeds on  to  the  111  state  where  it  remains  until  the 
processor  is  finished  reading  bytes.  If  the  non-minimum 
ceil  is  not  part  of  a  mark  byte,  the  state  machine  goes 
back  to  state  000. 

Error  Correction  Logic  56 

Referring  now  to  FIG.  7.  during  the  sync-up  period. 
rate  multiplier  551  and  553  count  the  number  of  clocks 
for  32  MIN  CELL  TIMEs.  Upper  counter  555  counts 
the  even  cells  and  lower  counter  557  counts  the  odd 
cells.  This  make  it  possible  to  correct  for  asymmetry  as 
well  as  frequency  errors.  The  amount  by  which  the 
8-bit  counters  vary  from  256  counts  represents  the 
amount  of  error  over  the  sample.  This  error  number  is 
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then  applied  to  post  compensation  logic  SCT  counter 
451  and  LCT  counter  453  by  stretching  or  shortening 
the  counts  using  the  output  of  rate  multiplier  559 
RATEOUT. 
Data  Transformation  State  Machine  49  5 

Data  output  from  post  compensation  logic  45  is  input 
to  read  data  transfonnation  state  machine  49  which 
converts  the  data  into  actual  MFM  data.  Table  2  shows 
the  results  of  the  operation  of  data  transformation  state 
machine  49  for  all  combinations  of  trans-space  and  pre-  10 
vious  data. 

TABLE  2 


CURRENT 

PREVIOUS  DATA 

TRANS-SPACE 

RESULT 

I 

(0 

1 

I 

(01) 

0 

t 

(001) 

01 

0 

(l) 

0 

0 

(01) 

01 

0 

(001) 

00 

20 


The  actual  data  (i.e.,  after  transformation  by  data 
transformation  state  machine  49)  is  input  to  serial-to- 
parallel  shift  register  51  which  shifts  out  CRC  bytes, 
mark  bytes  arid  data  bytes  as  parallel  data.  The  eight  bit  25 
actual  data,  is  transferred  to  FIFO  57  which  is  a  two 
byte  FIFO  comprising  two  10  bit  registers.  CRC  logic 
59  is  implemented  as  the  CRC  polynomial 
Xio^X'--i-X5+l.  Mark  logic  61  is  implemented  as  a 
state  machine  which  generates  a  logic  1  when  a  mark  30 
byte  is  detected. 

Write  Logic  Block  27 

FIG.  8  is  an  overview  block  diagram  of  write  logic 
27,  including  the  applicable  portions  of  FIFO,  CRC  and 
mark  logic  block  24.  35 

The  following  will  describe  how  data  from  the  pro- 
cessor is  translated  into  2,  3  and  4  unit  cells  for  writing 
to  the  disk. 

The  write  process  begins  when  a  processor  writes  a 
byte  into  the  data  register  and  sets  the  Action  bit  in  the  40 
mode  register.  The  byte  which  is  written  in  the  data 
register  is  loaded  into  FIFO  57.  FIFO  57  is  a  two  byte 
FIFO  consisting  of  three  ten  bit  registers.  The  first  ten 
bit  register  is  used  to  grab  the  data  from  the  data  register 
and  the  other  two  are  used  as  FIFO  registers.  The  ten  45 
bit  FIFO  consists  of  eight  bits  of  data,  a  bit  which  indi- 
cates whether  the  data  is  a  mark  byte  and  a  bit  which 
tells  the  controller  to  write  the  CRC  bytes. 

As  shown  in  FIG.  8,  write  logic  27  includes  FIFO  57, 
shift  register  51,  CRC  logic  59,  and  mark  logic  61.  50 
While  each  of  the  foregoing  components  can  be  sepa- 
rately implemented,  in  the  preferred  embodiment  of  the 
subject  invention,  such  elements  are  shared  between 
read  logic  21  and  write  logic  27  as  part  of  FIFO.  CRC 
and  mark  logic  block  24.  Of  course,  in  performing  a  55 
write,  shift  register  51  is  a  parallel  to  serial  shift  register 
rather  than  a  serial  to  parallel  shift  register  as  is  the  case 
when  doing  a  read.  Similarly,  during  a  write,  CRC  logic 
59  calculates  a  CRC  byte  to  be  written  rather  than 
calculating  a  CRC  byte  to  compare  with  one  which  has  60 
been  read.  Similarly,  mark  logic  61,  when  in  write  mode 
causes  a  mark  byte  to  be  written. 
'    Select  Data  71 

The  serial  data  output  from  shift  register  51  is  input  to 
select  data  block  71  which,  in  effect,  multiplexes  be-  fi5 
iween  the  actual  data  and  the  CRC  byte  produced  by 
CRC  logic  59.  outputting  the  data  or  CRC  byte  to  data 
transformation  logic  75, 


Write  Data  Transformation  Logic  75 

Write  data  transformation  logic  75  translates  the  data 
stream  into  a  form  in  which  a  1  represents  a  transition 
and  a  0  represents  a  space  which  is  the  form  suitable  for 
writing  on  a  magnetic  disk. 

A  block  diagram  of  write  data  transformation  logic 
75  is  provided  m  FIG.  9.  As  shown  in  FIG.  9,  the  front 
end  of  data  transformation  logic  75  is  a  four  bit  shift 
register  751  which  makes  it  possible  to  know  what  the 
last  two  bits  were,  the  current  bit  is,  and  the  next  bit  will 
be.  Most  of  the  time,  the  only  information  needed  is 
what  the  current  bit  is  and  what  the  next  bit  will  be.  The 
exception  is  when  writing  the  mark  byte.  In  this  in- 
stance, more  information  is  needed  because  it  must  be 
determined  when  to  leave  out  the  transition.  As  noted 
above,  the  only  time  a  transition  needs  to  be  skipped  is 
when  there  is  a  1  0  0  0  pattern.  Thus,  all  four  bits  of 
information  are  needed.  Table  3  shows  the  desired 
transformation  of  the  data  performed  by  transformation 
logic  753. 

TABLE  3 


TRANSFORMED 
CURRENT  BIT  NEXT  BIT      DATA 


MARK 


Precompensation  Logic  77 

Precompensation  logic  77  compensates  for  the  prob- 
lems created  by  peak  shifts  as  described  above  wuh 
respect  to  read  logic  21.  Precompensation  logic  77  per- 
forms the  analog  oi  post  compensation  logic  45  for 
write  operations.  A  detail  block  diagram  of  precompen- 
sation logic  77  is  shown  in  FIG.  10. 

Precompensation  logic  37  comprises  multiplexors 
771,  773  and  775,  7-bit  counter  777,  latch  register  779. 
AND  gate  781,  comparator  783.  AND  gate  785.  shift 
register  787  and  XOR  gate  789. 

The  7-bit  counter  777  shown  in  FIG.  10  is  used  for 
counting  out  the  desired  cell  times.  The  counter  is  pre- 
set to  either  TIMEl  if  a  transition  is  occurring,  or 
TIMED  if  a  space  is  occurring.  When  the  counter 
reaches  the  value  of  the  comparison  number,  then  the 
transition  is  fed  to  the  half-write  logic  79  if  the  high  bit 
of  the  shift  register  787  is  a  1  (indicating  a  transition).  By 
changing  the  comparison  point,  it  is  possible  to  stretch 
or  shorten  a  cell  time  thereby  performing  precompensa- 
tion. The  decision  whether  the  transition  should  be 
early  or  late  is  decided  by  whether  a  transition  is  about 
to  take  place.  The  decision  whether  the  transition 
should  be  placed  at  its  nominal  value  or  at  a  corrected 
value  is  made  by  looking  at  what  the  next  cell  is  going 
to  be,  thus  knowing  whether  the  ne.xt  cell  is  a  similar 
type  cell.  Shift  register  787  provides  the  ability  to  look 
at  what  is  coming  next  in  order  to  determine  what  to  do 
with  the  current  transition.  The  outputs  of  shift  register 
787  are  04  (current  data),  03  (ne.xt  data),  and  02  (ne.\l. 
next  data). 

Inasmuch  as  the  length  of  cells  to  be  written  are  not 
exact  multiples  of  the  clock  frequency,  additional  errors 
may  be  introduced.  For  example,  in  a  four  microsecond 
cell,  when  a  ".16  Mhz  clock  is  used,  the  number  o( 
clocks  in  the  cell  is  2S-b4.  While  the  ouiput  from  pre- 
compensation logic  77  can  be  used  to  vvriie  to  the  disk. 
it  is  necessary  to  round  the  ceil  length  to  an  integral 
number  of  clocks.  This  round  off  forces  the  cell  times  to 
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vary  from  the  desired  values.  Depending  upon  the 
clock  used,  it  is  possible  for  significant  errors  to  result. 
In  order  to  reduce  this  round  off  effect,  the  present 
invention  utilizes  half  write  logic  79  which  works  on 
both  edges  of  the  clock  and  creates  the  effect  of  having 
half  clock  resolution.  Writing  using  half  clocks  can  be 
very  difficult  because  of  the  high  effective  clock  speeds 
generated.  For  this  reason,  half  write  logic  79  is  per- 
formed just  prior  to  writing  the  data  to  the  disk. 

Half  Write  Logic  79 

A  detailed  block  diagram  of  half  write  logic  79  is 
shown  in  FIG.  H. 

Once  a  comparison  point  has  been  reached  and  the 
trans-space  data  is  a  I,  then  a  transition  is  generated  by 
toggling  the  WRDATA  line  to  the  drive.  This  is  done 
by  toggling  T-counter  791.  This  toggle  is  subsequently 
delayed  by  one  half  clock  using  D-flip-flop  792.  The 
resulting  WRDATA  signal  is  then  generated  by  select- 
ing either  the  half  clock  signal  BW  or  non-half  clock  ^q 
signal  AW  thus  producing  half  clock  resolution  in  the 
WRDATA  signal  according  to  the  logic  performed  by 
and  gates  794a,  7946  and  794c  and  NOR  gate  795.  The 
HLFBIT  signal  is  what  determines  whether  to  cause 
half  clock  shifts  or  not.  In  particular,  logic  circuit  796  ,5 
will  cause  the  LONG  signal  to  toggle  on  each  transition 
only  allowing  half-shifts  on  alternate  edges. 

What  is  claimed  is: 

1.  In  an  improved  disk  drive  controller  for  control- 
ling the  transfer  of  data  between  a  computer  and  a  disk 
drive,  said  computer  including  a  clock  for  generating 
clocking  signals,  an  address  bus  and  a  data  bus,  said 
controller  including  read  logic  means  for  converting 
data  received  from  a  signal  generated  by  the  drive  to 
data  for  placement  on  the  data  bus,  and  write  logic 
means  for  converting  data  on  the  data  bus  to  a  signal  for 
recording  on  magnetic  media  by  the  drive,  the  improve- 
ment wherein  said  read  logic  means  includes  means  for 
processing  the  signal  received  from  the  drive  to  com- 
pensate for  the  effects  of  peak  shift  and  wherein  said  40 
peak  shift  compensation  means  comprises: 


30 


35 


(a)  first  counter  means  and  second  counter  means  for 
placing  pulses  at  predetermined  time  intervals  be- 
tween transitions  in  said  signal  from  said  drive,  said 
predetermined  time  intervals  being  determined  by 
setting  said  first  and  second  counter  means  with 
values  generated  by  said  computer  as  a  function  of 
the  time  between  previous  transitions  in  said  signal 
from  said  drive,  wherein  said  first  counter  means  is 
set  with  a  value  corresponding  to  the  shonest  ex- 
pected time  between  the  next  two  transitions  and 
the  second  counter  means  is  set  to  a  value  greater 
than  the  shortest  expected  time  between  the  next 
two  transitions  and  less  than  the  maximum  ex- 
pected time  between  the  next  two  transitions; 

(b)  bound  detector  means  coupled  to  said  first  and 
second  counter  means  for  counting  the  number  of 
pulses  generated  by  said  first  and  second  counter 
means  between  transitions  in  said  signal  from  said 
drive;  and 

(c)  first  and  second  shift  registers  coupled  to  said 
bound  detector  means  for  storing  the  number  of 
pulses  generated  by  said  first  and  second  counters 
respectively  to  enable  said  bound  detector  means 
to  generate  peak  shift  compensated  pulses  from 
said  signal  from  said  drive. 

2.  A  method  for  performing  symmetry  and  frequency 
correction  on  a  signal  from  a  disk  drive,  said  disk  drive 
for  coupling  to  a  controller,  said  controller  for  coupling 
to  a  computer,  said  signal  having  transitions  which  are 
converted  by  the  controller  into  data  usable  by  the 
computer,  said  method  comprising  the  steps  oV. 

(a)  summing  the  distances  between  the  leading  edges 
of  alternate  pairs  of  said  transitions; 

(b)  normalizing  said  summed  distances: 

(c)  subtracting  said  normalized  distances  from  prede- 
termined values  to  produce  a  correction  magnitude 
and  direction; 

(d)  using  said  correction  magnitude  and  direction  to 
generate  a  pulse  to  correct  the  symmetry  and  fre- 
quency of  said  signal  from  said  disk  drive. 
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[57]  ABSTRACT 

A  method  for  activating  one  of  a  plurality  of  devices 
coupled  to  a  communications  medium  at  a  first  address 
location  and  controlled  by  a  host  computer.  A  plurality 
of  extended  addresses  are  provided  to  the  devices,  each 
of  the  devices  having  a  unique  extended  address.  A 
command  is  transmitted  from  the  host  computer  to  the 
first  address.  One  of  the  plurality  of  devices  is  activated 
by  transmitting  the  unique  extended  address  of  the  de- 
vice on  the  communications  medium,  the  activated 
device  responding  to  further  commands  sent  to  the  first 
address  location. 
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Prior  art  networking  schemes  also  include  elaborate 

METHOD  FOR  SELECTIVELY  ACTIVATING  AND  methods  for  establishing  control  of  the  network  to 

DEACTIVATING  DEVICES  HAVING  SAME  FIRST  allow  a  device  to  transmit.  Such  systems  are  not  needed 

ADDRESS  AND  DIFFERENT  EXTENDED  for  networking  of  peripheral  devices,  since  only  one  is 

ADDRESSES                                    5  generally  used  at  a  time.  In  addition,  prior  art  network- 
ing schemes  provide  for  means  for  attached  devices  to 

This  is  a  divisional  of  application  Ser.  No.  765,396  identify  themselves  to  each  other  through  elaborate 

filed  Aug.  14,  1985  now  U.S.  Pat.  No.  4,910,655.  "handshaking"  schemes.  Again,  such  complexity  is  not 

BACKGROUND  OF  THE.INVENTION            ,.  required  to  connect  peripheral  devices  since  there  is  no 

'"  need  for  these  devices  to  identify  themselves  to  other 

1.  Field  of  the  Invention  devices,  only  to  the  host  computer. 

This  invention  relates  the  field  of  commumcations  Therefore,  it  is  an  object  of  the  present  invention  to 

media  for  transferring  data  between  a  source  and  a  p^vide  a  communications  medium  for  a  plurality  of 

plurality  of  penpheral  devices  coupled  to  the  source.  peripheral  devices,  which  provides  a  simple  and  effi- 

More  particularly,  the  present  invention  relates  to  data  15  ^.^^  ^^^  ^^^  coupling  those  devices  to  a  host  corn- 
transfer  along  a  penpheral  device  bus  between  a  plural- 

ity  of  peripheral  deuces  and  a  host  computer.  uis^  further  object  of  the  present  mvention  to  pro- 

2.  Art  Background  vide  a  commumcations  medium  by  which  all  such  pe- 
In  the  computmg  mdustry,  it  is  quite  common  to          •  t.      i  j     ■              w            i  j  *       i.„«* ..*-, «»  « 

^     ,           J                J   u\.               1      1*    -fj„—  in  npheral  devices  can  be  coupled  to  a  host  computer  at  a 

transfer  data  and  commands  between  a  plurality  of  data  20  *fF"'^  *  '*'-                           f                             »' 

processing  devices,  such  as  for  example,  computers,  smgempu.                ,  •     ,    ^  ^.                *  •     „.• 

printers,  memories  and  the  like.  The  intercomiection  of  ^'  »^  still  another  object  of  the  present  mvention  to 

computers  and  other  peripheral  devices   principally  P^-o^ide  a  commumcations  medium  which  provides  a 

developed  in  the  early  1970's  with  the  advent  of  com-  n»eans  for  penpheral  devices  to  indicate  a  need  for  ser- 

puter  networking  systems,  which  permitted  the  distri-  25  vicing  to  the  host  computer. 

bution  of  access  to  computing  resources  beyond  the  It  is  yet  another  object  of  the  present  mvention  to 

immediate  proximity  of  a  main  frame  computer.  provide  a  communications  medium  which  provides  a 

Networks,  such  as  the  ARPA  network,  were  devel-  means  for  determmmg  if  the  communications  medium  is 

oped  to  provide  access  by  various  users  to  large  time-  m  use. 

sharing  systems  and  the  transfer  of  data  between  such  30  It  is  another  object  of  the  present  invention  to  pro- 
systems.  In  the  case  of  geographically  local  networks,  vide  a  commumcations  medium  which  allows  periph- 
so-called  "local  area  networks"  (LANs)  were  devel-  eral  devices  to  be  added  during  operation  of  the  system, 
oped  to  connect  together  a  collection  of  computers.  SUMMARY  OF  THE  INVENTION        ' 
tenmnals  and  penpherals  located,  typically  m  the  same 

building  or  adjacent  buildings,  and  permitted  each  of  35  A  communications  medium  is  disclosed  including 
these  devices  to  communicate  among  themselves  or  apparatus  and  methods  for  transferring  data  between  a 
with  devices  attached  to  other  networks.  Local  area  plurality  of  peripheral  devices  and  a  host  computer.  In 
networks  permit  the  implementation  of  distributed  com-  the  preferred  embodiment,  a  plurality  of  peripheral 
puting.  In  other  words,  some  of  the  devices  coupled  to  devices  such  as  human  input  devices  (including  mice, 
the  local  area  netowrk  may  be  dedicated  to  perform  40  keyboards,  sketchpads,  etc.),  appliances,  listen  only 
specific  functions,  such  as  file  storage,  data  base  man-  devices,  etc.,  are  coupled  to  a  common  cable  for  data 
agement,  terminal  handling,  and  so  on.  By  having  dif-  transmission  and  reception  of  commands.  A  peripheral 
ferent  machines  perform  different  tasks,  distributed  device  coupled  to  the  cable  may  signal  the  host  corn- 
computing  can  make  the  implementation  of  the  system  pyjgr  when  it  requires  servicing.  This  peripheral  device 
simplier  and  more  efficient.                                             45  ^jjj  continue  to  request  service  until  the  host  computer 

Presently,  networking  has  only  been  applied  to  pro-  commands  it  to  transmit  its  data.  All  peripheral  devices 

vide  communications  between  dato  processmg  devices,  ^^^^  ^^^g  generic  type  (e.g.,  all  keyboards),  may  have 

which  are  machine  input  devices.  However,  it  would  ^  identical  hard  wired  address  used  as  an  identification 

also  be  useful  to  provide  a  networking  means  to  provide  ^^^^^^  i^  this  manner,  the  host  computer  can  identify 

communication  between  a  single  computer  and  a  plural-  50  ^^^    ^^^^^          ^^  ^^^.^^  communicating  on  the  cable, 

ity  of  peripheral  devices  such  as  human  mput  devices,  j^  ^^^^  ^^  ^^^  ^^  ^^^  ^^^         ^^  ^^^-^^  -^  ^^    1^^ 

listen  on^y  devices,  appliances,  etc.  Human  mput  de-  ^o  the  cable  (e.g.,  2  mice),  the  host  computer  will  assign 

'  vices  mclude  keyboards,  cursor  control  devices  (such  as  ,,       V.-    *i.     »,     -  ,^„*««  «p*u- -.;««„«  tv,^,, 

,„       i   1   ^  1.      J      *     T  ■  *         1    J-  -^^  new  addresses  m  the  status  registers  of  the  mice  so  they 

a    mouse  ),  and  sketch  pads,  etc.  Listen  only  devices  k   h^       h  »  h 

include  transaction  logs.  etc.  In  the  prior  art,  such  de-  55  ^^  t>e  aitterentiaiea. 

vices  are  attached  to  a  host  computer  through  a  port  ,   I"  '^^  P'^^^^  embodiment,  a  return  to  zero  modu- 

dedicated  to  each  device.  Often,  additional  "cards"  are  1^^^°"  f^^*^^"?^  is  used  to  transmit  data  and  commands 

required  to  allow  a  peripheral  input  device  to  be  added.  over  the  cable.  As  a  result,  a  penpheral  device  wil 

Further,  the  addition  of  cards  requires  that  the  host  assume  a  collision  if  it  attempts  to  transmit  a  high  signal 

computer  be  powered  down,  with  no  mechanism  for  60  on  the  cable  and  the  cable  is  pulled  low  by  another 

adding  peripheral  devices  to  a  live  system.  Such  prior  device.  In  order  to  simplify  the  protocol  of  the  system, 

art  systems  are  inefficient  since  peripheral  devices  are  only  the  computer  can  initiate  communication, 

not  generally  operated  simultaneously,  (for  example,  The  present  invention  permits  the  addition  of  periph- 

someone  using  a  mouse  is  generally  not  using  the  key-  eral  devices  to  a  computer  while  the  computer  is  in  use, 

board  or  sketchpad  at  the  same  tine).  Thus,  the  devices  65  without  the  need  to  power  down  the  computer  system, 

could  share  a  common  hne  to  the  host  computer  with-  The  present  invention  can  be  embodied  in  a  narrow 

out  creating  data  traffic  problems,  eliminating  the  needs  band  medium,  as  well  as  broad  band,  fiber  optic,  infra- 

for  cards.  red  and  other  media. 
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wired  fixed  address.  The  host  computer,  on  a  first  level, 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS  ^^^i^  ^i^piy  address  the  hard  wired  address  for  appli- 

FIG.  1  is  block  diagram  illustrating  the  networking  ances.  As  shown  in  box  203  of  the  flow  chart  of  FIG.  7, 

system  of  the  present  invention.  a  command  is  transmitted  from  the  host  computer  to  the 

FIG.  2  is  a  timing  diagram  illustrating  the  present  5  hardwired  fixed  address  for  the  extended  address  de- 
invention's  use  of  return  to  zero  encoding.  vices.  At  this  time,  all  appliances  coupled  to  that  ad- 

FIG.  3  illustrates  a  register  of  a  peripheral  device  of  dress  are  inactive.  An  individual  appliance  may  be  acti- 

the  present  invention.  vated  by  the  host  computer  if  the  host  computer  sends 

FIG.  4  is  a  flow  chart  illustrating  the  sequence  of  a  signal  to  that  appliance  which  matches  the  extended 

operations  utilized  by  a  peripheral  device  to  request  !0  address  of  the  appliance.  An  extended  address  is  an 

service  by  the  host  computer.  individual  identification  number,  which,  in  the  pre- 

FIG.  5  is  a  flow  chart  illustrating  the  sequence  the  ferred  embodiment,  may  be  up  to  64  bytes  long.  As 
operations  ulitized  to  provide  new  addresses  to  devices  shown  in  box  205  of  the  flow  chart  of  FIG.  7,  an  ex- 
sharing  the  same  hard-wired  address.  tended  address  device  is  activated  by  transmitting  the 

FIG.  6  is  a  timing  diagram  illustrating  a  command  15  device's  extended  address.  Once  the  host  computer  has 

transaction  of  the  present  invention.  provided  the  extended  address,  the  device  having  that 

FIG.  7  is  a  flow  chart  illustrating  the  sequence  of  address  is  active.  Subsequent  commands  to  the  appli- 

operations  utilized  to  activate  a  peripheral  device.  ance  address  location  will  be  executed  by  that  device 


DETAILED  DESCRIFnON  OF  THE              ,.  *'*°"»  '\'^^^  ^°'  ^°u'^^V^^f  T'oo^f  .htt'Tf 

l^^T^rp^j-y^^vj                                    2°  each  tune.  As  shown  m  box  207  of  the  flow  chart  of 

FIG.  7,  the  hardwired  fixed  address  is  transmitted  in 
A  peripheral  device  bus  including  apparatus  and  order  to  have  the  extended  address  device  respond.  An 
methods  for  transferring  data  between  a  plurality  of  activated  appliance  will  respond  to  all  commands  to  the 
peripheral  devices  coupled  to  a  host  computer  is  dis-  appliance  address,  while  unactivated  devices  remain 
closed.  In  the  following  description  numerous  specific  25  passive.  To  deactivate  an  active  extended  address  de- 
details  are  set  forth,  such  as  specific  numbers,  registers,  vice,  the  host  computer  provides  the  extended  address 
addresses,  times,  signals,  and  formats,  etc.,  in  order  to  of  another  extended  address  device,  activating  it  and 
provide  a  thorough  understanding  of  the  present  inven-  deactivating  the  previously  active  device.  It  is  contem- 
tion.  However,  it  will  be  apparent  to  one  skilled  in  the  plated  that  any  device  which  could  be  controlled  by  the 
art  that  the  present  invention  may  be  practiced  without  30  ^ost  computer  is  suitable  for  the  present  networking 
these  specific  details.  In  other  instances,  well-known  scheme,  such  as  lights,  ovens,  sprinkler  systems,  phone 
circuits  and  devices  are  shown  in  block  diagram  form  in  answering  machines,  etc.  It  is  contemplated  that  at  least 
order  not  to  unnecessarily  obscure  the  present  inven-  ^^^  ^^^j.  hardwired  address  for  extended  address  de- 
tion.  vices  be  provided  in  the  present  system.  Such  an  ad- 
Referring  to  FIG.  1,  the  preferred  embodiment  of  the  35  ^^^^  would  be  used  for  system  protection  schemes  or 
present  invention  may  be  seen.  A  plurality  of  peripheral  ^^j.  identification  schemes.  For  example,  a  device  at 
devices,  generally  identified  by  numbers  11  through  16  ^^  location  could  contain  an  extended  address  which 
are  coupled  through  a  single  cable  17  to  a  host  com-  ^^^  ^^  provided  by  the  system  user  before  the  system 
puter  10.  In  the  preferred  embodiment,  all  devices  com-  ^^^^  ^  enabled.  In  other  instances,  individual  opera- 
municate  with  the  host  computer  by  a  mmi-phono  jack  40  ^^^^  ^^^^^  require  that  the  extended  address  of  other 
with  the  foUowmg  connector  assignments;  tip-power,  security  devices  be  provided  by  the  host  computer  prior 
nng-data,  sleeve-power  return.  A  "high"  signal  (1)  is  to  performance.  Such  security  devices  could  function  as 
2.4  volts  minimum.  A  "low'*  signal  (0)  is  0.8  volts  maxi-  ..^^^^..  ^^  j^^j^  ^^^  ^^^^  ^^^^^^  o^.  ^^grtain  operations 
mum.  Although  a  single  cable  is  contemplated  m  the  performed  on  the  system. 

preferred  embodiment  of  the  present  mvention,  other  45  ^j^^^  reserved  for  use  on  the  network  of  the  present 

communications  media,  such  as  broad  band  methods,  invention  are  soft  address  locations  16.  Soft  address 

fiber  optic  systems,  and  infrared  signals,  are  contem-  locations  are  reserved  for  duplicates  of  peripheral  de- 

P'^^^*^-  vices  coupled  to  the  bus.  When  more  than  one  mouse  is 

The  bus  of  the  present  mvention  supports  coded  de-  coupled  to  the  bus,  for  example,  the  host  computer 

vices  (for  which  a  keystroke  represents  a  symbol  or  a  50  ^^^^  ^^^  addresses  to  each  mouse,  those  addresses 

function,  such  as  a  keyboard  14),  relative  devices  (m  ^eing  at  the  soft  address  locations, 

which  movement  of  a  display  cursor  m  response  to  a  Although  specific  examples  have  been  given  for  each 

control  device,  such  as  a  mouse  11  or  12,  may  be  from  ^^^  ^^  ^^^-^^^  coupled  to  the  bus,  there  may  be  more 

any  starting  pomt),  and  absolute  devices  (for  which  ^^^  ^^^  j^^  ^f  ^^^1^  t^p^  of  device  with  that  address, 

there  is  a  constant  and  direct  relationship  between  dis-  55  p^^^  example,  a  sketch  pad  has  been  given  as  an  absolute 

play  position  and  device  position,  such  as  sketch  pad  ^^^-^.g  ^^^  ^  ^^^^^  ^^^^^  ^o^,^  ^^  ^  considered  an 

^^)-  absolute  device  and  be  assigned  the  same  fixed  com- 

The  system  also  permits  the  networking  of  extended  ^^^  address  as  the  sketch  pad.  In  those  situations,  the 

address  devices.  Extended  address  devices  share  a  com-  ^^^^  computer  will  assign  new  addresses  from  the  soft 

mon  hard  wired  address  35,  but  further  mclude  an  ad-  60  address  locations  to  each  device, 

dress  unique  to  the  individual  device  which  the  host  In  the  preferred  embodiment  ofthe  present  invention, 

computer  must  recognize  before  the  device  can  be  ac-  ^-^^  ^^^^^^  peripheral  devices  have  been  assigned  ad- 

cessed.  As  shown  in  box  201  of  the  flow  chart  of  FIG.  ^^^^^^^  ^  ^^^^^  ^^1^^. 
7,  each  extended  address  device  is  provided  with  a 

unique  extended  address.  For  example,  is  it  contem-  65  

plated  that  appliances  may  be  coupled  to  the  host  com-  Address Device  Types Example 

puter  and  controlled  by  the  host  computer.   In  such  a  OOOO(zero)             extended  address           security  systems. 

situation,  all  appliances  would  have  an  identical  hard-  device                      user  id 
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Address 

Device  Types 

Example 

0001  (one) 

extended  address 
device 

appliances 

0010  (two) 

coded  devices 

keyboard 

001 1  (three) 

relative  devices 

mouse,  track  ball 

0100  (four) 

absolute  devices 

sketchpad, 
touch  screen 

0101  (five) 

reserved 

none 

Olio  (six) 

reserved 

none 

0111  (seven) 

reserved 

none 

1000  (eight) 

soft  addressed 

duplicate  peripheral 

devices 

1111(15) 

soft  addressed 

duplicate  peripheral 
devices 

10 


timing.  The  following  edge  of  the  synch  pulse  is  used  as 
a  timing  reference  for  the  first  bit  of  the  command.  The 
command  is  followed  by  a  stop  bit,  (in  the  preferred 
embodiment  a  "0")-  After  the  stop  bit,  the  bus  returns  to 
its  normally  high  state  unless  a  device  requests  service. 
The  command  is  an  8  bit  value  in  the  preferred  em- 
bodiment. The  command  includes  a  4  bit  device  address 
field  which  specifies  the  fixed  hardwired  address  of  the 
desired  peripheral  device  (e.g.,  0011  for  a  mouse).  The 
next  2  bits  form  the  command  and  the  fmal  2  bits  form 
a  register  address  field  which  allows  a  specific  register, 
R0-R3  within  an  addressed  peripheral  device  to  be 
specified.  In  the  preferred  embodiment,  the  commands 
have  the  following  bit  code: 


25 


30 


It  will  appreciated  by  one  skilled  in  the  art  that  other 
addresses  may  be  assigned  to  these  devices  containing 
more  or  less  bits  than  in  the  preferred  embodiment. 
Fixed  hard-wired  addresses  31,  32,  33  and  34  are  shown  20 
in  FIG.  1  for  mouse  11,  "mouse  12,  sketch  pad  13,  and 
keyboard  14,  respectively. 

All  peripheral  devices  have  four  registers  in  the  pre- 
ferred embodiment  to  receive  data  and  send  data.  For 
each  device,  register  3  talk  and  register  3  listen  have 
status  information  such  as  device  address  and  handler 
information.  The  remaining  registers  are  data  registers 
which  are  device  specific  except  register  2  listen  which 
contains  the  extended  addresses  for  extended  address 
devices  or  device  specific  contents  for  soft  addressed 
devices. 

In  the  preferred  embodiment  of  the  present  mvention, 
there  are  three  types  of  communication  on  the  periph- 
eral bus:  commands,  data  and  global  signals.  Commands 
are  sent  from  the  host  computer  to  the  peripheral  de-  35 
vices,  data  is  sent  from  the  host  computer  to  the  devices 
or  from  the  devices  to  the  host  computer,  and  global 
signals  are  special  messages  sent  to  the  entire  system. 

In  the  preferred  embodiment  data  is  encoded  as  the 
ratio  of  low  time  to  high  tune  of  each  bit  cell.  A  bit  cell  40 
boundary  is  defined  by  a  falling  edge  on  the  bus.  A 
"zero"  is  encoded  as  a  bit  cell  in  which  the  low  time  is 
greater  than  the  high  time.  This  is  shown  in  FIG.  2  by 
bit  cell  20.  Therefore,  a  "1"  is  defined  as  a  bit  cell  in 
which  the  low  time  is  less  than  the  high  time  as  shown  45 
by  cell  21  of  FIG.  2.  In  the  present  preferred  embodi- 
ment, a  start  bit  is  defined  as  a  "1'*.  A  stop  bit  is  a  "0" 
which  does  not  have  an  additional  falling  edge  to  define 
the  bit  cell  time.  The  stop  bit  is  used  to  synchronize  the 
stopping  of  transactions  on  the  bus. 

The  period  for  each  bit  cell  of  command  signals  and 
low  speed  data  transmission  is  approximately  100  mi- 
croseconds plus  or  minus  30%.  For  high  speed  data 
transmission,  the  bit  cell  is  50  microseconds  plus  or 
minus  1%,  The  format  of  a  data  transaction  is  a  start  bit  55 
(1),  followed  by  up  to  256  bits  of  data  and  ending  with 
a  stop  bit.  It  will  be  appreciated  that  when  other  com- 
munications media  are  utilized,  other  signaling  methods 
may  be  utilized. 

Commands  are  sent  only  by  the  host.  In  the  preferred  60 
embodiment  of  the  present  invention,  there  are  three 
commands;  talk,  listen,  and  flush.  As  shown  in  FIG.  6, 
to  signal  the  start  of  a  command,  an  attention  pulse  is 
sent  out.  An  attention  pulse  is  generated  by  the  host 
computer  by  transmitting  a  bus  low  for  a  period  of  65 
"T-attn".  In  the  preferred  embodiment,  T-attn  is  ap- 
proximately 560-1040  microseconds.  The  attention 
pulse  is  followed  by  a  synch  pulse  to  give  the  initial  bus 


Command 


Code 


Flush 
Listen 
Talk 


50 


The  talk  command  orders  the  addressed  device  to 
provide  its  data  to  the  host  computer.  The  Usten  com- 
mand orders  the  addressed  device  to  accept  data  from 
the  host  computer  and  place  it  in  one  of  its  registers. 
The  flush  command  has  an  effect  on  each  device  which 
is  defined  by  the  individual  device.  It  can  be  used  for 
such  functions  as  clearing  a  register  or  resetting  all  keys 
on  a  keyboard  so  that  they  will  be  sent  again. 

When  a  peripheral  devices  is  addressed  to  talk,  it 
must  respond  within  a  certain  period,  called  the  "time 
out"  period.  The  time  out,  'Tit",  is  approximately  140 
to  260  microseconds  (2  bit  cells).  The  selected  device,  if 
it  does  not  time  out,  becomes  active  on  the  bus  and 
performs  its  data  transaction,  and  then  "untalks"  itself 
and  goes  inactive  on  the  bus. 

Global  signals  are  used  for  transactions  which  are 
neither  commands  nor  data  transactions.  Global  signals 
include:  attention  and  synch,  which  is  used  to  signal  the 
start  of  a  command  and  to  give  initial  bus  timing;  ser- 
vice request,  a  transaction  that  devices  use  to  signal  the 
host  that  they  require  service;  and  reset,  used  to  issue  a 
break  on  the  bus  by  holding  the  bus  low  for  a  minimum 
of  *Tres",  which  is  approxunately  2.8  to  5.2  millisec- 
onds, (40  bit  cells).  Global  signals  will  be  described  in 
more  detail  in  conjunction  with  other  transactions. 

Since  a  peripheral  device  can  only  send  data  when  it 
has  been  commanded  to  talk  by  the  host  computer,  the 
prfesent  system  provides  a  means  for  a  device  to  notify 
the  host  computer  that  it  needs  servicing.  This  is  accom- 
plished by  having  the  device  send  a  service  request 
signal  to  the  host  computer.  In  the  present  invention,  a 
service  request  is  sent  by  holding  the  bus  low  after  the 
stop  bit  of  any  command  transaction.  Each  of  the  pe- 
ripheral devices  coupled  to  the  bus  include  a  number  of 
registers  (in  the  preferred  embodiment  four  registers). 
FIG.  3  shows  one  of  the  registers  for  a  peripheral  de- 
vice. Bit  A13  has  been  identified  as  the  service  request 
enable  bit.  When  this  bit  is  set  high  by  the  host  com- 
puter, the  device  is  enabled  to  hold  the  bus  low  after  the 
stop  bit  of  a  command  transaction,  as  shown  in  FIG.  6, 
if  the  device  needs  service.  A  device  will  keep  request- 
ing service  until  it  receives  a  talk  command  from  the 
host.  The  flow  chart  in  FIG.  4  shows  the  steps  followed 
by  a  device  requiring  service. 

Initially  the  device  determines  if  it  requires  servicing, 
Block  41,  that  is,  if  it  has  data  to  send  to  the  host.  If  it 
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does,  it  sets  an  internal  flag  bit,  Block  42,  When  the  next 
command  is  sent  out  from  the  host,  Block  43,  the  device 
checks  to  see  if  the  command  is  addressed  to  the  device, 
Block  44.  If  the  command  was  not  addressed  to  the 
device,  Branch  45,  the  device  checks  to  see  if  its  service 
request  enable  bit,  (bit  A13  or  register),  is  set  high, 
Block  47.  If  so.  Branch  48,  it  holds  the  bus  low  after  the 
command  stop  bit.  Block  50.  (See  FIG.  6)  The  device 
then  waits  until  the  next  command  is  received  from  the 
host  to  see  if  it  will  be  addressed  to  talk.  Block  43.  If  the 
command  is  addressed  to  the  device.  Branch  46,  the 
device  determines  if  it  is  a  command  to  talk,  Block  51. 
If  it  is  not  a  command  to  talk,  Branch  52  the  device 
sends  a  service  request.  Block  57,  performs  whatever 
command  is  instructed.  Block  58,  and  awaits  the  next 
command.  Block  43.  If  the  command  is  to  talk.  Branch 
53,  the  device  sends  its  data.  Block  59  and  considers  its 
service  request  to  be  satisfied.  Block  60.  The  device 
continues  to  monitor  itself  to  determine  when  it  needs 


field  32  of  register  3  22,  the  output  of  the  two  devices 
will  eventually  differ.  When  that  occurs,  one  of  the 
devices  will  detect  a  collision  and  stop  talking.  Bit  A12 
34  is  a  high  speed  enable  bit  which  if  set,  provides  for 

5  data  transmission  at  the  higher  modulation  rate  (50 
microseconds  per  bit  frame).  The  high  speed  enable  bit 
is  set  by  the  host  computer.  If  the  host  computer  is 
unable  to  receive  data  at  the  higher  modulation  rate,  it 
sets  the  high  speed  enable  bit  low  in  each  of  the  devices. 

10  If  the  host  computer  is  able  to  accept  data  at  the  higher 
modulation  rate,  and  the  device  is  able  to  transmit  at  the 
higher  rate,  (that  information  bemg  contained  in  the 
handler  bits  31  of  register  3),  the  host  computer  sets  the 
high  speed  enable  bit  34  high  for  the  device.  As  previ- 

^^  ously  mentioned,  bit  A13  35  is  service  request  enable 
which  is  set  by  the  host  to  enable  the  device  to  perform 
a  service  request  transaction.  Bits  A14  36  and  A15  37 
are  reserved  for  future  use  and  are  set  to  0. 
When  a  device  receives  a  talk  R3  command  the  de- 


service.  Block  41.  By  allowing  the  host  computer  to  20  ^^^^  provides  its  status  (handler  and  address)  to  the  host 


control  the  service  request  enable  bit,  more  efficient 
operation  of  the  bus  is  realized.  When  a  service  request 
is  received,  the  host  computer  need  only  ask  those  de- 
vices whose  service  request  bit  was  enabled  whether 
they  need  servicing.  Additionally,  the  host  computer  25 
can  disable  certain  devices  that  are  not  required  for 
particular  applications. 

When  sending  data,  the  device  is  able  to  detect  colli- 
sions. If  a  peripheral  device  tries  to  output  a  1  and  the 


computer.  If  there  are  two  devices  of  the  same  type 
coupled  to  the  bus,  only  one  can  respond  since  the  other 
will  detect  a  collision.  FIG,  5  shows  the  method  of 
assigning  new  addr^ses  on  the  bus. 

After  receiving  a  talk  R3  signal.  Block  101,  the  device 
sends  its  status  from  Register  3.  If  the  line  goes  low,  the 
device  determines  that  there  has  been  a  coUision, 
Branch  104,  it  stops  sending  (untalks  itself)  and  sets  an 
internal  flag  bit  to  indicate  a  collision,  Block  106.  The 


data  line  is  or  goes  to  a  0,  the  device  assume^s  it  has  lost  30  ^^^^  ^^^^  ^  ^.^^^^  ^^  ^^  ^^^  ^^^^  ^^^^^^^^  ^^^^^  107 

Each  commend  resets  the  internal  collision  flag  of  the 
device.  The  device  checks  to  see  if  its  collision  bit  is  set, 
Block  108.  If  the  collision  bit  is  not  set.  Branch  109,  the 
device  changes  A8  through  All  to  the  soft  address 
provided  by  the  listen  R3  command,  Block  111.  In  this 
manner  the  address  of  the  winning  device  is  changed 
with  the  host  computer  keeping  track  of  the  new  ad- 
dress of  the  device.  If  a  collision  bit  is  detected  by  the 
device  after  a  listen  R3  command,  Branch  110,  the  de- 
vice does  not  change  the  soft  address  bits,  but  may 
change  other  fields  in  R3,  The  host  computer  sends  out 
another  talk  R3  command.  Branch  101  to  see  if  any 
devices  remain  at  the  mouse  address.  In  this  situation 
the  remaining  mouse  will  send  its  start  bit.  Block  102, 
not  detect  a  collision,  Branch  105,  and  send  its  status 
from  register  3,  Block  112.  The  host  computer  will  send 
back  a  listen  R3  command  to  the  mouse  address,  Block 
107.  The  remaining  mouse  will  not  detect  a  collision  bit 


a  collision  to  another  device.  This  means  that  another 
device  is  also  sending  on  the  bus.  When  this  happens  the 
losing  device  untalks  itself  from  the  bus  and  preserves 
the  data  which  was  being  sent  for  retransmission.  The 
device  sets  an  internal  flag  bit  if  it  loses  a  collision.  Prior  3  5 
art  peripheral  devices  were  unable  to  detect  collisions. 
This  novel  feattire  of  the  present  invention  permits 
more  efficient  operation  of  the  communications  me- 
dium. By  having  the  device  sense  a  collision,  it  can 
preserve  the  data  that  is  transmitted  and  indicate  to  the  40 
host  computer  that  it  requires  serving.  Additionally,  the 
collision  detection  scheme  of  the  present  invention  does 
not  require  a  waiting  period  before  a  collision  is  as- 
sumed. A  device  will  end  its  transmission  if  the  line  is 
modulated  by  another  device  or  simply  not  begin  its  45 
transmission  if  the  Ime  is  already  in  use.  Further,  this 
collision  detection  scheme  is  useful  in  locating  multiple 
devices  at  a  single  hardwired  address  location,  such  as 
mouse  11  and  mouse  12  of  FIG.  1 


In  such  a  situation,  the  host  wUl  change  the  address  of  50  being  set  in  this  instance.  Branch  109  so  it  wUl  change 


the  devices  by  forcing  a  collision  of  devices  sharing  the 
same  address.  The  host  achieves  this  by  issuing  a  talk  R3 
command  addressed  to  those  devices.  As  shown  in  FIG. 
3,  Register  322  (one  of  the  registers  of  the  device)  con 


bits  A8  through  All  of  register  3  to  the  soft  address 
received  from  the  host  computer,  Block  111.  The  host 
computer  then  sends  out  another  talk  R3  command  to 
the  mouse  address,  Block  101.  This  time,  since  no  mouse 


tains  the  following  information.  Bits  AO  through  A7  31  55  remains  at  that  address,  the  bus  is  timed  out  and  the  host 


contain  a  device  handler  which  tells  the  host  computer 
the  function  of  a  device  and  the  use  of  data  provided  by 
the  device.  Bits  A8  through  All  32  are  an  address  field 
which  can  be  changed  when  more  than  one  device. 


computer  knows  that  it  has  assigned  new  addresses  to 
each  of  the  mice  sharing  the  mouse  address. 

In  one  embodiment  of  the  present  invention,  periph- 
eral devices  have  a  device  on  them  to  indicate  activity 


having  the  same  command  address,  is  coupled  to  the  60  called  the  activator.  The  activator  can  be  a  special  key 


bus.  In  that  situation,  one  of  the  soft  address  locations 
are  assigned  to  bits  A8  through  All  32  which  then 
serve  as  the  command  address  for  that  device.  Until  that 
time,  those  bit  locations  contain  a  random  number 
which  aids  in  the  detection  of  collisions.  For  example,  if  65 
two  mice  received  a  talk  R3  command  and  both  began 
talking  at  the  same,  neither  would  detect  a  collision. 
However,  by  having  random  numbers  in  the  address 


on  a  keyboard  or  a  button  on  a  mouse.  When  more  than 
one  of  a  device  is  coupled  to  the  bus,  the  host  computer 
can  display  a  message  requesting  one  of  the  devices  to 
use  the  activator.  The  host  can  then  issue  a  listen  R3 
command  which  will  change  the  address  of  the  device 
which  is  activated.  In  this  manner  individual  devices 
can  be  located  and  assigned  new  addresses  in  multiuser 
applications. 
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Thus,  a  peripheral  device  bus  has  been  described 
which  allows  4  plurality  of  peripheral  devices  to  be 
coupled  to  a  host  computer  through  a  single  port. 
We  claim: 

1.    A   method    for   transferring   signals   and   data,    5 
wherein  the  signals  and  data  are  transferred  under  the 
control  of  a  host  computer  between  the  host  computer 
and  first  and  second  peripheral  devices,  wherein  the 
signals  and  data  are  transferred  over  a  bus  coupling  the 
first  and  second  peripheral  devices  to  the  host  com-  10 
puter,  wherein  the  firet  and  second  peripheral  devices 
are  initially  inactive,  and  wherein  the  first  and  second 
peripheral  devices  have  a  same  first  address,  comprising 
the  steps  of: 
the  host  computer  initially  activating  the  first  periph-  15 
era!  device  by  transmitting  over  the  bus  (1)  the  first 
address  of  the  first  peripheral  device  and  (2)  a  sig- 
nal that  matches  a  first  number  stored  as  an  ex- 
tended  address   of  the   first   peripheral   device, 
wherein  the  second  peripheral  device  remains  inac-  20 
tive; 
after  the  first  peripheral  device  is  activated,  the  host 
computer  sending  a  command  over  the  bus  to  the 
first  address  of  the  first  peripheral  device,  wherein 
the  first  peripheral  device  executes  the  command  25 


without  the  host  computer  sending  the  extended 
address  of  the  first  peripheral  device,  and  wherein 
the  second  peripheral  device  remains  inactive; 

the  host  computer  both  activating  the  second  periph- 
eral device  and  deactivating  the  first  peripheral 
device  by  transmitting  over  the  bus  a  second  num- 
ber as  an  extended  address,  wherein  the  second 
nimiber  is  the  extended  address  of  the  second  pe- 
ripheral device,  and  wherein  the  second  number  is 
different  from  the  first  number; 

after  the  second  peripheral  device  is  activated,  the 
host  computer  sending  a  command  over  the  bus  to 
the  first  address  of  the  second  peripheral  device, 
wherein  the  second  peripheral  device  executes  the 
command  without  the  host  computer  sending  the 
extended  address  of  the  second  peripheral  device, 
and  wherein  the  first  peripheral  device  remains 
inactive. 

2.  The  method  of  claim  1  for  transferring  signals  and 
data,  wherein  at  least  one  of  the  fu^t  and  second  periph- 
eral devices  comprises  an  appliance. 

3.  The  method  of  claim  1  for  transferring  signals  and 
data,  wherein  at  least  one  of  the  first  and  second  periph- 
eral devices  comprises  a  system  protection  device. 
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[57]  ABSTRACT 

An  improved  memory  management  unit  (MMU)  for 
interfacing  between  a  CPU  and  a  main  computer  mem- 
ory. The  MMU  receives  logical  addresses  from  the 
CPU  and  converts  a  portion  of  the  logical  address  to  be 
used  for  generating  a  physical  address  to  address  to 
address  the  main  memory.  The  MMU  memory  contains 
relocation  data  which  is  stored  in  a  plurality  of  seg- 
ments known  as  contexts.  For  a  given  logical  address 
provided  by  the  CPU.  the  CPU  also  selects  an  appropri- 
ate context  so  that  the  mapping  of  the  main  memory  is 
determined  by  the  selected  relocation  base.  This  permits 
relocation  data  to  be  stored  for  a  plurality  of  processes 
and  thus,  allows  several  programs  to  be  run  without 
reprogramming  the  MMU.  Special  "limit"  bits  and 
"access"  bits  are  also  stored  in  the  MMU's  memory  for 
each  of  the  relocation  base  data.  The  limit  bits  are  used 
to  check  the  range  of  the  memory  area  requested  for  a 
given  context  to  determine  if  it  is  in  the  allowable  range. 
Access  bits  are  used  to  determine  if  the  type  of  access 
being  requested  is  a  legal  access  for  the  given  context. 
Because  the  MMU  stores  a  number  of  relocation  bases 
which  are  programmable  by  the  CPU.  areas  of  main 
memory  can  be  accessed  by  more  than  one  context, 
thereby  providing  an  overlapped  mapping  of  the  main 
memory.  For  example,  in  a  supervisory  mode  the  super- 
visory context  is  able  to  access  all  of  the  main  memory. 
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1  2 

address  signals  for  accessing  the  memory.  The  MMU 

MEMORY  MANAGEMENT  UNIT  WITH  also  includes  storage  means  for  receiving  and  storing 

OVERLAPPING  CONTROL  FOR  ACXXSSING  signals  representative  of  the  types  of  information  stored 

MAIN  MEMORY  OF  A  DIGITAL  COMPUTER  in  locations  in  the  main  memory.  Accessing  means  are 

S  provided  for  accessing  these  stored  signals  when  the 
This  is  a  continuation  of  application  Ser.  No.  426,869  corresponding  locations  are  accessed  in  the  main  mem- 
filed  Sept  29,  1982.  ory.  The  stored  signals  from  the  storage  means  are 
«  .  -^,,-^«^,T»™*  «^  ™™w^  »T,r^«,.*^»-.T  coupled  to  the  main  memory  to,  for  example,  limit  ac- 
BACKGROUND  OF  THE  INVENTION  ^"^f  ,^,^^^  types  of  data  in  the  memory  such  as 

1.  I^eld  of  the  Invention.                                             10  operating  systems.  The  signals  may  be  also  used  to 
The  invention  relates  to  the  field  of  computer  memo-  permit  readhig-only  of  programs,  and  reading  and  writ- 

ries  and  units  for  managing  the  contents  of  such  memo-  ing  of  data. 

ries.  In  the  presently  preferred  embodiment,  the  storage 

2.  Prior  Art  means  is  an  integral  part  of  the  MMU*s  memory.  The 
In  most  computers,  a  central  processing  unit  (CPU)  15  MMU*s  memory  has  four  times  the  capacity  than  is 

communicates  directly  with  both  an  address  bus  and  a  needed  to  provide  relocation  base  numbers  and  limit 
data  bus.  These  buses  are  coupled  to  a  main  memory  (or  numbers  for  the  entire  main  memory.  As  will  be  de- 
main  memory  systems)  in  addition  to  numerous  other  scribed,  this  additional  capacity  permits  a  form  of  "bank 
items  such  as  input/output  ports,  specialized  processors,  switching"  and  allows  different  processes  to  be  run  on 
DMA  units,  etc.  The  main  computer  memory  is  often  20  the  computer  without  reprogramming  of  the  MMU 
the  most  expensive  component  of  the  computer,  partic-  memory. 

'^irJ^Z^^^C^V.'t:.r^^:moXiC^^  ^^^^  description  OF  THE  DRAWINGS 

and  68000.  Thus,  it  is  important  to  efficiently  utilize  the  FIG.  1  is  a  general  block  diagram  illustrating  a  cen- 

computer's  main  memory.                                               25  tral  processing  unit,  memory  management  unit  (MMU) 

Memory  management  units  (MMUs)  are  used  in  the  and  main  memory  and  their  interconnections  in  a  com- 

prior  art  to  provide  efficient  utilization  of  the  comput-  puter. 

er's  main  memory.  These  units  perform  housekeeping  FIG.  2  is  a  diagram  illustrating  the  organization  of 
functions  such  as  remapping,  etc.  Often,  an  MMU  in-  data  stored  in  the  memory  of  the  invented  MMU. 
eludes  a  memory  which  stores  a  data  relocation  base  30  FIG.  3  is  a  block  diagram  of  the  invented  MMU. 
The  higher  order  bits  of  the  logical  address  from  the  FIG.  4  is  a  diagram  used  to  describe  the  different 
CPU  are  used  to  address  the  MMU*s  memory.  These  contexts  used  in  the  operation  of  the  MMU  and  the 
bits  from  the  CPU's  standpoint,  for  instance,  select  a  resultant  organization  of  information  stored  in  the  corn- 
segment  of  the  main  memory.  The  selected  CPU  seg-  puter*s  main  memory 

ment  number  is  replaced  by  a  new  number  from  the  35  nPTATT  Fn  nF^sruTPTTON  OF  THF 

MMU-s  memory  and  effectively,  a  relocation  occurs  ^^^^^ 

between  the  logical  address  from  the  CPU  and  the  iXNVtiiNiiuiN 

physical  address  used  to  access  the  main  memory.  A  memory  management  unit  (MMU)  is  described  for 

Another  function  performed  by  prior  art  MMUs  is  to  use  in  a  digital  computer  which  includes  a  central  pro- 
check  addresses  from  the  CPU  to  verify  that  they  fall  40  cessing  unit  (CPU)  and  a  main  memory.  In  the  follow- 
within  certain  ranges.  A  limit  number  stored  in  the  ing  description,  numerous  specific  details  are  set  forth 
MMU's  memory  is  compared  with  lower  order  bits  of  such  as  specific  memory  sizes,  part  numbers,  etc.,  in 
the  logical  address  (for  example,  the  page  offset)  to  order  to  provide  a  thorough  understanding  of  the  pres- 
assure  that  the  page  offset  falls  within  a  predetermined  ent  invention.  However,  it  will  be  obvious  to  one  skilled 
address  range  of  the  selected  segment  number.  This  45  in  the  art  that  these  specific  details  are  not  required  to 
prevents,  by  way  of  example,  the  accidental  reading  of  practice  the  present  invention.  In  other  instances,  well- 
"data"  from  memory  locations  where  data  has  not  been  known  structures  and  circuits  are  not  described  in  detail 
placed.  in  order  not  to  obscure  the  present  invention  in  unneces- 

The  present  invention  builds  upon  those  prior  art  sary  detail. 

MMUs  which  provide  a  relocation  base  and  address  50  Referring  first  to  FIG.  1,  the  coupling  between  an 

range  verification.  As  will  be  seen,  the  MMU's  memory  MMU,  CPU  and  main  memory  is  illustrated  This  cou- 

is  expanded  in  one  direction  to  store  signals  represent-  pling  is  somewhat  the  same  for  the  present  invention  as 

ing  the  nature  of  information  stored  in  the  main  mem-  it  is  for  the  prior  art.  The  computer  of  FIG.  1  includes 

ory.  This  is  used  to  control  access  of  the  main  memory  a  bidirectional  data  bus  16  which  communicates  with 

and,  by  way  of  illustration,  prevents  accidental  writing  55  the  CPU  10,  main  memory  14  and  the  MMU  12.  The 

into  programs  and  user  access  to  operating  systems.  The  address  bus  18  receives  address  signals  from  the  CPU  10 

MMU's  memory  is  expanded  in  another  direction  so  and  communicates  part  of  these  addresses  to  the  MMU 

that  overlapping  memory  management  is  provided.  12  and  part  to  the  main  memory  14.  Other  control  sig- 

This  allows  several  different  processes  (program  and  nak  are  coupled  between  the  CPU  10  and  MMU  12  as 

data)  to  be  run  by  the  computer  without  reprogram-  60  illustrated  by  lines  35  and  37  and  between  the  MMU  12 

ming  the  MMU  memory.  and  the  main  memory  14  as  shown  by  line  57. 

TxTc  rvT^/cvmnvT  '^*=  MMU  12  is  programmed  from  the  CPU  10 

SUMMARY  OF  THE  INVENTION  through  the  data  bus  16.  Addresses  are  communicated 

An  improved  memory  management  unit  (MMU)  is  over  the  bus  18  to  the  MMU  from  the  CPU  10  to  allow 

described  for  use  with  a  computer  which  includes  a  65  the  loading  of  the  MMU  12. 

central  processing  unit  (CPU)  and  a  main  memory.  The  In  the  presently  preferred  embodiment,  the  CPU  10 

MMU  includes  a  relocation  base  and  when  receiving  comprises  a  68000  processor.  For  this  processor,  the 

first  address  signals  from  the  CPU,  provides  second  CPU  10  provides  24  bit  addresses  (Actually,  the  lowest 
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order  bit  is  not  physically  present  as  such  but  encoded 
into  other  signals,  however*  for  purposes  of  discussion, 
It  will  be  assumed  to  be  an  ordinary  address  bit)  Also, 
for  purposes  of  discussion,  it  will  be  assumed  that  the  7 
highest  order  bits  of  each  logical  address  from  the  CPU  S 
selects  a  segment  in  memory,  the  next  8  lesser  signifi- 
cant bits  comprise  a  page  offset,  and  the  least  significant 
9  bits,  an  ot^et 

In  the  presently  preferred  embodiment,  the  segment 
and  page  offset  of  each  address  are  coupled  to  the  10 
MMU  12.  The  MMU  provides  a  relocation  base  by 
exchanging  the  segment  number  fi'om  the  CPU  10  with 
a  segment  number  stored  in  the  MMU  12.  Specifically, 
the  segment  number  from  the  CPU  10  addresses  a  mem- 
ory within  the  MMU  12  and  this  memory  provides  a  15 
segment  base  used  to  address  the  main  memory  14.  The 
page  offset  portion  of  the  address  from  the  CPU  10  is 
checked  to  determine  if  the  page  offset  falls  within  a 
predetermined  range  of  the  segment  This,  for  instance, 
would  prevent  the  reading  and  interpreting  as  data,  all  20 
zeros  from  an  unused  space  in  main  memory.  The  seg- 
ment base  from  the  MMU  along  with  the  page  offset  are 
added  and  then  coupled  to  the  main  memory  14  on  the 
bus  18a  and  ISb  of  FIG.  1. 

The  9  least  significant  bits  are  passed  directly  from  25 
the  CPU  to  the  main  memory  via  bus  18c 

Referring  now  to  FIG.  3,  the  presently  preferred 
embodiment  of  the  MMU  includes  an  MMU  memory 
20.  This  memory  is  a  random-access  memory  fabricated 
from  commercially  available  MOS  static  RAMs.  As  30 
currently  implemented,  three  Part  No.  2148  RAMs  are 
used  for  memory  20,  thus  providing  a  total  capacity  of 
1 2k  bits.  The  organization  of  the  MMU  memory  is  dis- 
cussed in  greater  detail,  particularly  in  conjunction  with 
FIG.  2.  35 

The  address  from  the  CPU  is  shown  as  the  24  bit 
address  (logical  address)  in  the  uppermost  part  of  FIG. 
3.  The  7  most  significant  bits  of  this  address  are  coupled 
to  the  MMU's  memory  via  bus  18a  and  are  used  to 
address  the  MMU*s  memory.  The  next  most  significant  40 
bits  (bus  18^)  are  coupled  to  an  adder  27,  and  the  least 
significant  9  bits  (offset)  are  coupled  via  bus  18c  to 
register  28.  The  output  of  the  MMU's  memory  20  con- 
sists of  two  12-bit  words  (buses  22  and  23).  These  words 
are  coupled  through  the  multiplexer  25  to  the  12-bit  bus  45 
30.  One  of  the  12  bit  words  from  the  memory  20  pro- 
vides the  segment  base  from  the  stored  relocation  base. 
The  second  12  bits  consist  of  8  bits  for  limit  checking  of 
the  page  offset  and  4  additional  bits  which  perform 
fimctions  which  are  part  of  the  present  invention.  50 

(In  the  presently  preferred  embodiment,  multiplexer 
25  does  not  physically  exist,  rather  the  output  of  mem- 
ory 20  is  time  division  multiplexed.  However,  for  pur- 
poses of  explanation  it  is  easier  to  include  the  multi- 
plexer 25.)  55 

The  multiplexer  25  is  also  used  to  load  information 
fix)m  the  bus  16  into  the  memory  20.  The  signal  on  line 
47  from  the  access  check  logic  40  provides  access  to  the 
memory  20  as  do  the  signals  on  line  35.  The  signal  on 
line  37  controls  the  multiplexing  of  data  between  either  60 
the  bus  22  or  the  bus  23. 

The  12  bit  bus  30  from  the  multiplexer  25  is  coupled 
to  the  adder  27.  This  adder  also  receives  the  8  bits  on 
bus  186.  As  will  be  described,  the  adder  27  is  used  to 
determine  if  the  page  offset  falls  within  a  predetermined  65 
range  of  the  selected  segment.  The  adder  27  also  com- 
bines the  relocation  (segment  base)  from  the  MMU*s 
memory  with  the  page  offset  to  provide  the  12  most 


significant  bits  of  the  physical  address  Tliese  12  bits 
along  with  the  9  bits  from  bus  18c  are  coupled  to  the 
register  28  to  provide  a  21  bit  address  which  is  commu- 
nicated to  the  main  memory  14.  (The  register  28  does 
not  exist  in  the  presently  preferred  embodiment,  it  is 
shown  for  purposes  of  explanation). 

The  4  access  check  bits  are  coupled  from  the  multi- 
plexer 25  via  line  45  to  the  access  logic  40.  Here  the 
signals  are  decoded  to  provide  main  memory  control 
and  other  control  as  follows:  One  bit  controls  the  type 
of  main  memory  access  (1— read  only,  0= read/write}. 
The  second  bit  controls  I/o  access  (1  =4I/o,  0  =no  I/o 
access}.  The  third  bit  controls  main  memory  access 
(1=  memory  access,  Osino  main  memory  access).  The 
fourth  bit  controls  stacking  (l=stack  segment  -  check 
for  no  overfiow,  O=normal  segment  -  check  for  over- 
flow). The  access  check  logic  40  is  shown  in  FIG.  3 
coupled  to  the  main  memory  control  via  line  57  to  con- 
trol memory  access  and  the  type  of  accesses  permitted 
(i.e.,  read  or  read/write).  Logic  40  is  coupled  to  adder 
27  via  the  overflow/carry  in  lines  and  to  memory  20  via 
line  47  to  enable  memory  20  access. 

The  specific  access  control  bit  pattern  used  in  the 
presently  preferred  embodiment  is  shown  below. 


ACCESS  CONTROL  BITS 

MEM/ 

ADDRESS 

BITS 

lO/ 

RO/ 

STK/ 

SPACE  AND  ACCESS 

0 

I 

0 

0 

Main  Memory  •  Read  Only  Stack 

0 

1 

0 

1 

Main  Memory  -  Read  Only 

0 

1 

1 

0 

Main  Memory  -  Read/Write  Stack 

0 

1 

t 

1 

Main  Memory  -  Read/Write 

1 

0 

0 

1 

I/O  Space 

1 

1 

0 

0 

Page  Invalid  (segment  not  present) 

-    I 

1 

1 

1 

Special  I/O  Space 

Any  other 

Not  allowed  (unpredictable  result) 

Assume  first  that  the  memory  20  has  been  pro- 
grammed from  the  CPU.  For  purposes  of  a  first  level 
explanation  of  the  MMU*s  operation,  the  function  of  the 
2  bits  on  lines  35  shall  be  ignored  When  the  CPU  ad- 
dresses the  main  memory,  the  most  significant  7  bits 
address  the  MMU's  memory  20.  The  12  bits  from  the 
relocation  data  segment  are  coupled  via  bus  22  and  bus 
30  to  the  adder  27.  There  they  are  combined  with  the 
page  offset  (bus  19b)  and  the  resultant  address  is  com- 
bined with  the  9  bits  of  the  offset  in  the  register  28  to 
provide  the  final  physical  address.  This  portion  of  the 
MMU  operates  in  a  manner  quite  similar  to  prior  art 
MMUs.  Thus,  the  relocation  segment  base  data  can  be 
programmed  into  the  memory  (ignoring  line  35)  in  a 
manner  well-known  in  the  prior  art. 

The  12  bits  forming  the  limit  and  access  data  are 
coupled  via  bus  23  through  the  multiplexer  25.  The  8 
bits  of  the  limit  data  are  coupled  to  the  adder  27.  The  4 
bits  of  the  access  data  are  coupled  to  logic  40  via  line  45 
as  discussed.  The  limit  data  in  the  presently  preferred 
embodiment  is  stored  in  ones  complement  form  in  the 
memory  20  for  a  non-stacked  segment.  For  stacked 
segments  the  limit  stored  is  "length  minus  one"  (e.g.  a 
two  page  segment  would  be  stored  as  OOCX)  OCioi  in 
memory  20.)  When  this  limit  data  is  added  to  the  page 
offset  in  adder  27,  the  result  of  this  addition  determines 
whether  or  not  the  page  offset  falls  within  the  predeter- 
mined range  of  the  segment.  This  is  an  improvement 
over  prior  art  limit  checking  where  additional  logic 
steps  are  required 
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NON-STACK  EXAMPLE 

Referring  briefly  to  FIG.  4,  a  representation  of  the 
computer's  main  memory  14  is  illustrated.  Assume  that 
data  is  stored  at  locations  50.  Further  assume  that  the  5 
highest  page  offset  (1111  1111)  for  data  50  e-  mds  to 
location  52,  and  that  within  this  segment  data  extends  to 
a  page  offset  of  1 1 10  0000  (line  51).  For  this  page  offset, 
the  ones  complement  of  1 1 10  0000  (0001  1 1 1 1)  is  stored 
in  the  memory  20  of  FIG.  3.  If  this  segment  is  ad-  10 
dressed,  and  assuming  the  page  offset  address  is  1111 
1 1 1 1  (that  is,  into  the  free  space  of  the  memory),  adder 
27  adds  1111  1111  to  the  stored  number  0001  1111.  An 
overflow  occurs  from  the  adder  27  and  this  overflow 
condition  is  sensed  by  the  logic  40  of  FIG.  3.  For  this  IS 
example,  an  overflow  indicates  that  the  page  offset  is 
not  within  range  and  a  signal  is  provided  on  line  57  to 
show  that  the  address  is  in  error.  Logic  40  via  line  57 
prevents  access  to  main  memory  and/or  an  error  signal 
is  generated.  20 

Again  referring  to  FIG.  4,  assume  that  a  program  is 
stored  at  locations  53  and  that  the  highest  page  offset 
(1111  1111)  for  program  53  extends  to  location  50 
which  is  outside  of  the  actual  program  which  ends  at 
location  54.  If  the  page  offset  for  location  54  is  001 1  25 

0000  then  1100  1111  is  stored  within  the  memory  20  of 
FIG.  3  for  the  segment  which  begins  at  location  55.  If 
this  segment  is  addressed  and  the  page  offset  is  0000 
0001,  (addressing  the  program)  the  adder  27  adds  1 100 
1111  and  0000  0001.  This  time  no  overflow  occurs  and  30 
no  signal  is  communicated  to  the  logic  40,  that  is,  access 

is  permitted.  Note  that  if  the  page  offset  is  0100  0000 
(not  within  range)  when  this  number  is  added  to  the 
stored  number  of  1 100  1 1 1 1  an  overflow  occurs.  This 
overflow  indicates  to  the  logic  40  that  the  page  offset  is  35 
not  in  range  and  memory  access  is  disabl^. 

'   STACK  EXAMPLE 

For  some  programming  languages  (e.g.  Pascal)  stacks 
(in  memory)  are  very  desirable.  Stacks  can  be  formed  40 
by  moving  data  up  in  memory,  albeit  time  consuming. 
Stacks  with  the  presently  described  system  are  permit- 
ted to  grow  down  in  memory  with  a  different  limit 
checking  procedure. 

Assume  a  one  page  stack  segment.  The  limit  number  45 
stored  in  memory  20  as  the  one*s  compliment  of  the 
page  offset  (1111  1 1 1 1-^0000  0000)  which  is  the  same  as 
the  size  minus  one  (0000  0000— »O000  0000).  The  access 
check  bits  causes  the  logic  40  to  provide  a  carry-in  of 
one.  If  the  page  offset  islUl  1111,  an  overflow  occurs.  50 
This  overflow  is  sensed  by  logic  40,  and  interpreted  as 
a  valid  (within  range)  condition.  If  the  page  offset  were 
1 1 1 1  1110  (stack  grown  too  much),  no  overflow  occurs 
and  this  is  interpreted  as  an  out  of  range  address. 

Similarly,  if  the  stack  is  a  two  page  segment,  0000  55 

0001  is  stored  in  memory  20.  Again  the  carry  in  is  set  to 
a  one.  A  page  offset  of  1 1 1 1  1 1 10  would  result  in  an 
overflow  indicating  an  in  range  address,  whereas  with  a 
page  offset  of  1111  1100  no  overflow  would  occur, 
indicating  an  out  of  range  address.  60 

FIG.  4  EXAMPLE 

Referring  again  to  FIG.  4,  assume  that  a  process 
(program  and  data)  is  stored  in  the  main  memory  14 
between  the  locations  0  and  500  KB.  The  3  remaining  65 
access  bits  in  the  memory  20  corresponding  to  the  seg- 
ment addresses  for  locations  O-500  KB  are  used  to  pro- 
vide special  control,  as  mentioned.  For  instance,  for 


those  segments  containing  only  program,  only  reading 
of  the  memory  is  allowed.  This,  of  course,  prevents  the 
inadvertent  writing  into  program.  Both  reading  and 
writing  into  the  segments  which  contain  data  may  be 
permitted.  This  is  indicated  to  the  right  of  program  59 
and  data  60  in  FIG.  4. 

The  memory  20  is  programmed  (i.e.,  access  check 
bits)  to  prevent  reading  of  some  segments  of  the  main 
memory  except  in  certain  modes  (e.g.,  supervisory 
mode).  This  is  done,  for  instance,  to  prevent  a  user  from 
reading  and  then  copying  an  operating  system.  Refer- 
ring briefly  to  FIG.  4,  when  the  program  59  is  being 
run,  no  access  to  memory  20  is  permitted  since  such 
access  could  cause  the  relocation  base,  limit  data  or 
access  data  to  be  inadvertently  altered.  Thus,  the  four 
access  bits  provide  protection  for  the  program  stored 
within  the  main  memory  and  also  limit  access  to  certain 
information  stored  in  the  memory.  In  a  typical  applica- 
tion, an  operating  system  is  loaded  from  a  disk  into  the 
main  memory.  Once  in  the  main  memory,  the  CPU  can 
access  the  operating  system  in  supervisory  modes,  how- 
ever, the  user  is  prevented  from  accessing  and  hence 
copying  the  operating  system. 

With  the  present  invention,  the  memory  20  has  four 
times  the  capacity  than  is  actually  needed  to  provide  a 
relocation  base,  and  limit  and  access  data  for  the  main 
memory.  The  signals  from  the  CPU  on  lines  35  allow 
the  selection  of  each  quadrant  of  the  memory  20.  Each 
of  these  quadrants  are  referred  to  as  a  context  (context 
0-3)  in  the  following  description. 

Referring  to  FIG.  2,  the  organization  of  the  MMU 
memory  20  is  illustrated  as  four  separate  quadrants:  20a 
(context  0),  206  (context  1),  20c  (context  2)  and  20d 
(context  3).  Context  1,2  and  3  are  each  organized  in  a 
256  X 12  bit  arrangement  (128  X 12  bits  for  the  relocation 
base  and  128x12  bits  for  the  limit  and  access  data). 
Context  0  is  selected  by  the  CPU  during  the  supervisory 
mode  and  this  context  stores  management  data  relating 
to  the  operating  system.  It  should  be  noted  that  each 
context  is  capable  of  storing  information  covering  the 
entire  main  memory,  thus  there  are  three  overlapping 
MMU  memories  for  user  processes. 

The  value  of  having  these  overlapping  memories  is 
best  illustrated  in  FIG.  4.  The  main  memory  14  is  shown 
programmed  with  three  processes,  PI,  P2  and  P3.  Pro- 
cess 1  is  stored  between  0  and  500  KB,  process  2  be- 
tween 600  KB  and  1  mB  and  process  3  between  1.2  mB 
and  1.5  mB.  Data  relating  to  the  operating  system  is 
stored  between  1.8  mB  and  2  mB.  Assume  first  that  the 
operating  system  is  loaded  into  memory  and  is  stored 
between  1.8  mB  and  2  mB.  An  appropriate  relocation 
base  is  stored  within  the  memory  20  such  that  during 
supervisory  modes,  the  addresses  0-200  KB  automati- 
cally select  1.8  mB  through  2  mB  in  the  main  memory. 
Also,  the  appropriate  limits  are  loaded  to  assure  that 
during  the  supervisory  mode,  the  free  space  in  the  mem- 
ory is  not  accessed.  During  the  supervisory  mode  (con- 
text 0)  as  indicated  in  FIG.  4  under  the  heading  context 
0,  complete  access  to  the  MMU  memory  and  main 
memory  is  possible  (except  for  access  bits  which  pre- 
vent the  writing  into  the  operating  system  stored  in 
main  memory  thereby  protecting  the  program  from 
damage  due  to  a  program  error).  Since  the  MMU  mem- 
ory is  accessible  at  this  time,  it  can  be  programmed 
through  the  bus  16  as  indicated  in  FIG.  3,  and  as  previ- 
ously discussed. 

Assume  that  context  1  is  to  be  used  for  program  59 
and  data  60,  one  quadrant  of  the  MMU's  memory  20 
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20 


corresponding  to  context  1  is  programmed  to  indicate 
the  location  of  program  59  and  data  60.  The  limit  and 
access  bits  are  set  as  indicated  under  context  1.  Thus, 
when  context  1  is  selected,  program  59  can  be  read 
(only)  and,  reading  and  writing  of  data  60  is  permitted.  5 
No  other  access  to  other  memory  locations  is  possible 
nor  can  the  MMU  memory  be  written  into. 

A  second  process  can  be  stored  in  memory.  The  oper- 
ating system  knows  the  location  of  the  first  process  and 
can  program  another  quadrant  of  memory  20  for  pro-  ^^ 
cess  2,  The  relocation  base  is  programmed  such  that 
when  the  CPU  addresses  locations  corresponding  to 
0-400  KB,  locations  600  KB  to  1  mB,  are  provided  to 
the  main  memory.  As  indicated  under  the  heading  con- 
text 2  in  FIG.  4,  the  access  bits  are  programmed  to  ^^ 
allow  reading  and  writing  into  the  data  50  and  reading- 
only  of  the  program  53.  Also,  no  access  (for  writing)  to 
the  MMU  memory  is  permitted,  nor  is  access  permitted 
to  other  locations  in  the  main  memory.  Similarly,  a  third 
process  can  be  stored  in  the  main  memory  for  context  4 
as  indicated  in  FIG.  4. 

The  advantage  to  the  arrangement  of  FIG.  4  is  that 
three  separate  processes  are  stored  within  the  main 
memory  and  that  each  process  may  be  easily  selected 
through  the  MMU*s  memory,  that  is,  by  selecting  con- 
text 1, 2  or  3.  A  separate  context  (context  0)  is  reserved 
as  a  starting  point  for  the  operating  system,  in  the  pres- 
ently preferred  embodiment,  as  discussed.  This  allows 
running  of  three  separate  programs  without  any  repro-  -« 
gramming  of  the  MMU's  memory.  This  versatility  is 
achieved  because  of  the  overlapping  memory  manage- 
ment capacity  of  the  MMU*s  memory. 

Thus,  an  improved  memory  management  unit  has 
been  described  which  allows  a  plurality  of  programs  to  3^ 
be  run  without  reprogramming  of  the  computer's  MMU 
memory.  The  improved  unit  also  limits  access  to  certain 
types  of  data  and  prevents  inadvertent  writing  into 
programs. 
We  claim:  40 

1.  In  a  computer  system  which  includes  a  central 
processing  unit  (CPU  and  a  computer  main  memory,  a 
memory  management  unit  (MMU)  coupled  to  said  CPU 
and  said  main  memory  for  translating  a  logical  address 
from  said  CPU  to  provide  a  physical  address  for  access-  45 
ing  said  main  memory,  comprising: 
a  MMU  memory  for  storing  a  pluraUty  of  relocation 
base  addresses,  wherein  said  relocation  base  ad- 
dresses are  segmented  into  sections  of  memory 
(contests)  such  that  each  said  context  has  at  least  50 
one  relocation  base  address  associated  therewith; 
each  said  relocation  base  address  having  correspond- 
ing limit  bits  and  access  bits  associated  therewith, 
said  limit  bits  and  access  bits  also  store  said  MMU 
memory;  55 

said  MMU  receiving  a  control  signal  &om  said  CPU 
for  selecting  a  predetermined  one  of  said  contexts 
when  said  logical  address  is  provided  by  said  CPU; 
said  MMU  memory  for  receiving  a  first  portion  of 
said  logical  address  from  said  CPU  and  said  first  60 
portion  of  said  logical  address  accessing  a  stored 
relocation  base  address  of  a  selected  context  and 
corresponding  to  said  limit  and  access  bits; 
an  adder  coupled  to  said  MMU  memory  for  receiving 
said  accessed  relocation  base  address  of  said  se-  65 
lected  context  and  combining  it  with  a  second 
portion  of  said  logical  address  to  output  said  physi- 
cal address  for  accessing  said  main  memory; 


said  adder  also  coupled  to  receive  said  limit  bits  Cor- 
responding to  said  accessed  relocation  base  address 
and  adding  it  to  said  second  portion  of  said  logical 
address  and  generating  an  indication  signal  if  said 
second  portion  of  said  logical  address  exceeds  a 
value  set  by  said  limit  bits; 

access  check  logic  means  coupled  to  said  MMU 
memory  and  said  adder  for  receiving  said  access 
bits  corresponding  to  said  accessed  relocation  base 
address  and  determining  if  said  access  bits  permit 
access  of  said  main  memory  for  a  type  of  access 
requested  by  said  CPU  and  generating  a  fault  signal 
to  prevent  access  of  said  main  memory  if  an  illegal 
access  of  said  main  memory  is  attempted; 

said  access  check  logic  means  also  generating  said 
fault  signal  if  said  indication  signal  is  received  from 
said  adder, 

each  said  relocation  base  address  for  pointing  to  a 
corresponding  mapped  base  address  in  said  main 
memory,  such  that  a  given  logical  address  is 
mapped  into  a  plurality  of  physical  addresses, 
wherein  at  least  one  physical  address  is  provided 
for  each  context;  and 

wherein  selected  physical  addresses  of  said  main 
memory  can  be  accessed  by  more  than  one  context. 

2.  The  MMU  defined  by  clahn  1  wherein  one  of  said 
MMU  memory  contexts  is  selected  as  a  supervisory 
context  when  said  CPU  is  in  a  supervisory  mode,  such 
that  said  supervisory  context  accesses  all  of  said  main 
memory. 

3.  The  MMU  defined  by  claim  2  wherein  said  adder 
receives  said  limit  number  which  is  a  binary  comple- 
ment of  an  of^t  from  its  relocation  base  address,  such 
that  when  said  binary  complement  is  added  to  said 
second  portion  of  said  logical  address  said  indication 
signal  is  generated  when  an  overflow  occurs  from  said 
adder. 

4.  The  MMU  defined  by  claim  3  wherein  said  MMU 
memory  stores  said  relocation  base  addresses,  said  limit 
bits,  and  said  access  bits  from  said  CPU  during  a  MMU 
program  cycle. 

5.  In  a  computer  system  which  includes  a  central 
processing  unit  (CPU)  and  a  computer  main  memory,  a 
memory  management  xmit  (MMU)  coupled  to  said  CPU 
and  said  main  memory  for  translating  a  logical  address 
from  said  CFU  to  provide  a  physical  address  for  access- 
ing said  main  memory,  an  improvement  comprising: 

a  MMU  memory  for  storing  a  plurality  of  relocation 
base  addresses,  wherein  said  relocation  base  ad- 
dresses are  segmented  into  sections  of  memory 
(contexts)  such  that  each  said  context  has  at  least 
one  relocation  base  address  associated  therewith; 

each  said  relocation  base  address  having  correspond- 
ing limit  bits  and  access  bits  associated  therewith, 
said  limit  bits  and  access  bits  also  stored  in  said 
MMU  memory; 

said  MMU  receiving  a  control  signal  from  said  CPU 
for  selecting  a  predetermined  one  of  said  contexts 
when  said  logical  address  is  provided  by  said  CPU; 

said  MMU  memory  for  receiving  a  first  portion  of 
said  logical  address  from  said  CPU  and  said  first 
portion  of  said  logical  address  accessing  a  stored 
relocation  base  address  of  a  selected  context  and 
corresponding  of  said  limit  and  access  bits; 

an  adder  coupled  to  said  MMU  memory  for  receiving 
said  accessed  relocation  base  address  of  said  se- 
lected context  and  combining  it  with  a  second 
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portion  of  said  logical  address  to  output  said  physi- 
cal address  for  accessing  said  main  memory; 

said  adder  also  coupled  to  receive  said  limit  bits  cor- 
responding to  said  accessed  relocation  base  address 
and  adding  it  to  said  second  portion  of  said  logical 
address  and  generating  an  indication  signal  if  said 
second  portion  of  said  logical  address  exceeds  a 
value  set  by  said  limit  bits; 

access  check  logic  means  coupled  to  said  MMU 
memory  and  said  adder  for  receiving  said  access 
bits  corresponding  to  said  accessed  relocation  base 
address  and  determining  if  said  access  bits  permit 
access  of  said  main  memory  for  a  type  of  access 
requested  by  said  CPU  and  generating  a  fault  signal 


10 


IS 


to  prevent  access  of  said  main  memory  if  an  illegal 
access  of  said  main  memory  is  attempted; 

said  access  check  logic  means  also  generating  said 
fault  signal  if  said  indication  signal  is  received  from 
said  adder; 

each  said  relocation  base  address  for  pointing  to  a 
corresponding  mapped  base  address  in  said  main 
memory,  such  that  a  given  logical  address  is 
mapped  into  a  plurality  of  physical  addresses, 
wherein  at  least  one  physical  address  is  provided 
for  each  context;  and 

wherein  selected  physical  address  of  said  main  mem- 
ory can  be  accessed  by  more  than  one  context. 
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ABSTRACT 


A  personal  computer  system  includes  a  main  circuit 
board  having  a  central  processing  unit  and  expansion 
slots  each  of  which  is  adapted  to  receive  a  printed  cir- 
cuit board  card.  The  main  circuit  board  further  includes 
memory,  a  32'bit  address  bus  with  control  signals  asso- 
ciated therewith,  and  input/output  circuitry.  The  slot  is 
coupled  to  the  32-bit  address  bus,  which  is  substantially 
a  NUBUS  bus,  and  the  slot  includes  distinct  identifica- 
tion line  means  which  provide  the  slot  with  an  identifi- 
cation number  (distinct  number)  in  the  computer  sys- 
tem. The  computer  system  reserves  256-megabytcs  of 
memory  space  ranging  from  location  SXOOO  0000  to 
location  SXFFF  FFFF  for  memory  on  a  card  in  a  slot 
having  a  distinct  number  equal  to  SX. 
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^r>.^.T..*,^ Utilizing  the  NUBUS  bus  architecture  is  essentiaily  a 

^SS^SS^,^^^^™*^  AUTOMATICALLY  main  circuit  board  having  slots  into  which  one  place 

^^S^'^P^™*^  MEMORY  SPACE  TO  cards  (sometimes  referred  to  as  modules)  having  micro- 

"""^  ^'2™^2J.^S?J^'^^  P^---"-  -->°^  -^  ^^^'^  circuitry  generJly^. 

fUR  KJCFANSION  SLOTS  3    ciated  with  microcomputers.  In  effect,  each  card  may 

BACKfiROI  r>m  riF  tut:  TMvcNrrTr^xr  itself  be  a  microcomputer  which  communicates  through 

BACKGROUND  OF  THE  INVENTION  nxjbUS  bus  to  other  cards  in  other  slots  which  are  also 

1.  Field  of  Invention  connected   to   NUBUS   bus.   Thus,   for   example,   a 
TTus  invention  relates  generally  to  computer  system  NUBUS  bus  system  may  mclude  a  card  having  a  CPU 

having  expansion  slots  on  a  mother  board  (main  circuit  ^^  (central  processing  unit)  nficroprocessor,  a  memory 

board)  and  more  specifically,  to  personal  computers  management  unit,  some  memory  in  the  form  of  random 

including  such  slots  and  printed  circuit  board  cards  access  memory  (RAM)  and  read  only  memory  (ROM), 

which  are  adapted  to  fit  in  such  slots  which  are  con-  and  a  bus  on  the  card  which  permits  the  microprocessor 

nectcd  to  a  bus,  where  a  portion  of  the  address  memory  on  the  card  to  read  the  ROM  on  the  card  and  to  read 

^P*^^  *^  computer  is  reserved  for  the  slots.  15  f^om  and  write  to  the  RAM  on  the  card.  In  addition 

2.  Pnor  Art  input  and  output  (I/O)  circuitry  may  be  included  on  the 
Compute  systems  havmg  expansion  slots  are  weU  card,  which  circuitry  permits  the  card  to  communicate 

known  in  the  pnor  ajt.  For  example,  the  Apple  lie  is  a  through  terminals  on  the  card  with  parts  of  the  rest  of 
™^'*^in!^*'?r''f?***r^"P""'°'*^°'^  ,n  '^'^  'y^^^'  '^c^^^9  peripheral  units  such  as  disk 
e^rt^em^^'^ff.lrS   ?h^'*^''^^^^  ^"^^  P^^"^  vid^  Sterns  and  other  penpheral 

ever,  the  memory  ofa  card  m  that  computer  IS  accessed        units.  The  card  typically  has  an  edge  which  includes 
not  by  first  presentmg  the  address  but  rather  by  select-        -i-otrir^^i  t«™i««u  i«  th.  fcvZ.    r        !,         !L  f '^^    , 
ing  a  particular  pin  in*  the  slot  (along  with  the  Address)        f^^^  ^Z^„rv^rh?n^  '^"?-      ^      "1  "^' 
which  tells  the  card  in  the  slot  that  the  address  which        !^  Sul  ^T,^   h  *=°<'P^^<^«8  tcrmmais  m  a 

the  microprocessor  is  calling  for  is  somewhere  in  that  25  '^^'J^^^V  ^' ^  Au  M^^fr^^TT'  *°"^'*.^ 
peripheral  card's  reserved  mLiory.  Moreover,  the  res-  ''^^^^l^rT''^^  f  '^^7m?<FK  ^"^  ^^  '^''"'^^ 
ervation  of  memory  space  for  cards  in  these  systems  is  ""T  F^  %^^^^  »  NUBUS  bus  transaction  and 
relatively  smaU  (e.g.  Id-bytes  or  256.bytcs).  That  is,  the  In ™t?L  i°  ^^V^  ^^  ^^^^""^  informaUon  over  the 
address  itself  is  usuaUy  not  used  alone  to  indicate  when  NUBUS  bus  on  the  mam  curuit  board.  Thus,  that  card 
a  card's  address  space  is  being  addressed.  Various  refer-  30  ^°^^  *"'*  information  to  memory  located  on  other 
enccs  are  available  to  one  with  ordinary  skill  in  the  art  ?^^^  through  NUBUS  bus  (a  transaction)  and  read  that 
concerning  the  general  nature  of  these  computer  sys-  "»fonnation  through  NUBUS  bus  (another  transaction). 
tems.  For  example:  The  Apple  II  Reference  Manual,  ^  **  NUBUS  bus  system,  memory  is  reserved  for 

Apple  Computer  (1981);  From  Chips  to  Systems:  An  ^^^  °^*®  ^^^^-  ^  ^«  NUBUS  bus  system,  there  can 
Introduction  to  Microprocessors,  Rodnay  7flkf.  Sybex,  35  t>c  up  to  16  slots  which  are  allocated  memory  space  in 
Inc.,  1981;  An  Introduction  to  Microcomputers,  by  Adam  **  "PP*'  ^^^^  °^  ^^^  ^^*  4-gigabyte  NUBUS  bus 
Osborne  and  Associates,  1975;  and  The  Apple  II  Circuit  address  space.  That  upper  16th  is  256-megabytes  of 
Description,  Winston  Gayler,  published  by  Howard  W.  memory  space,  and  it  is  divided  into  16  regions  of  16- 
Sams  &  Co.,  Inc.  (1983).  megabytes    which    are    mapped    to    the    16    possible 

This  invention  relates  more  specifically  to  computer  40  NUBUS  bus  card  slots  based  on  a  slot  identification 
systems  using  systems  buses  which  follow  substantially  number  which  produces  a  distinct  number  at  each  slot, 
NUBUS  Tm  (a  trademark  of  Texas  Instruments)  bus  allowing  a  card  in  the  slot  to  "read"  the  distinct  identifi- 
specifications,  which  specifications  describe  the  proto-  cation  number  to  determine  the  slot  number  of  the  slot 
cols  (e.g.  logical,  electrical  and  physical  standards)  and  "^^o  which  the  card  is  plugged.  See,  generally,  pages 
general  standards  of  a  sychronous  (10  Mhz),  multi-  45  30-32  of  the  proposed  specification  of  the  IEEE  1196 
plexed,  multimasterbu»  which  generally  provides  a  fair  Bws.  Thus,  each  card  gets  a  "slot  space"  of  16- 
arbitration  mechanisnt  NUBUS  bus  originated  at  the  megabytes.  In  the  conventional  NUBUS  bus  system,  a 
Massachusette  Institute  of  Technology.  It  has  subse-  card's  "slot  space"  is  reserved  by  a  device  on  the  card 
quently  been  revised  and  exists  as  published  in  certain  which  matches  the  distinct  number  (expressed  in  hexa- 
publications  of  Texas  Instruments,  Inc.  (including  Texas  50  decimal)  of  the  slot  (where  the  card  is)  to  the  second 
Instrumentt  publicatioo  number  2242825-0001  and  most  significant  hexadecimal  digit  (2nd  MSHD)  of  an 
Texas  Instmment  publication  number  2537171-0001).  address  appearing  on  the  NUBUS  bus,  when  the  ad- 
Recently,  a  committee  of  the  Institute  of  Electrical  and  dress's  most  significant  hexadecimal  digit  (MSHD)  is 
Electronic  Engineers  (IEEE)  has  proposed  specifica-  SF  Thus,  the  device  determines  when  MSHD  equals 
tions  for  a  system  bus.  as  an  IEEE  standard,  that  is  55  SF  and  then  determines  if  the  slot  number  (slot  identifi- 
substantially  a  NUBUS  bus,  although  it  has  been  modi-  cation  number)  matches  the  2nd  MSHD;  if  there  is  a 
fied  from  the  specifications  published  by  Texas  Instru-  match,  then  the  device  permits  the  card  to  be  addressed, 
ments.  The  proposed  IEEE  bus  is  referred  to  as  the  Of  course,  the  actual  comparison  by  the  card  is  done  in 
IEEE  1196  Bus.  A  copy  of  the  proposed  specification  binary,  but  for  purposes  of  explanation,  it  is  easier  to 
for  the  IEEE  1 196  Bus  (Draft  2.0)  is  provided  with  this  60  consider  the  comparison  as  if  it  were  done  in  hexadeci- 
application  for  whatever  reference  may  be  necessary  by        mal. 

one  of  ordinary  skiU  in  the  art.  The  IEEE  1196  Bus  is  This  NUBUS  bus  system  provides  for  considerable 

substantiaUy  a  NUBUS  bus  as  originally  specified  in        fiexibility  because  the  vast  majority  of  the  memory 
Texas  Instruments'publications.  address  space  is  unreserved.  Moreover,  the  seemingly 

In  a  NUBUS  system,  there  are  4-gigabytc8  of  physical  65  large  (16-megabytes)  spaces  reserved  for  the  slots  (the 
memory  address  space  since  there  is  a  32-bit  address  bus  slot  spaces)  provide  considerable  data  storage  ("data"  is 
which  may  be  coupled  to  a  CPU  capable  of  generating  used  herein  to  include  computer  programs).  However 
2-*2  difierent  addresses.  In  its  simplest  form,  a  computer        too  much  flexibUity  fosters  incongruities  between  cards 
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which  may  be  used  on  the  same  mother  board.  That  is.  FIG.  5  is  a  block  diagram  showing  the  ^^JBUS  bus 

this  flexibility  permits  one  to  design  a  card  which  re-  interface  with  a  microprocessor  on  the  main  circuit 

serves  most  of  the  remaining  address  space  in  the  board. 

NUBUS  bus  system  which  card  would  compete  with  FIG.  6  is  a  block  diagram  showing  the,  various 

another  card  developed  to  use  a  portion  of  the  same   3  NUBUS  bus  clocks  designed  for  use  with  the  NUBUS 

memory  space.  Of  course,  switches  and  jumper  cables  bus. 

may  be  utilized  to  configure  the  system  to  prevent  over  FIG.  7  shows  the  phase  relationship  of  the  various 

laps  of  memory  space;  however,  such  solutions  are  NUBUS  bus  clocks. 

cumbersome  in  many  ways,  including  their  tendancy  to  FIG.  8  is  a  block  diagram  of  the  interface  between  the 

frighten  novices  who  would  prefer  a  computer  system  10  mother  board  processor  (CPU  1)  and  NUBUS  bus  cards 

that  permits  the  user  to  simply  plug  the  card  into  a  slot  ^  NUBUS  bus  slots. 

and  not  worry  any  further.  FIG.  9  is  a  block  diagram  showing  the  NUBUS  bus  to 

The  present  invention  solves  these  problems  by  alio-  mother  board  processor  bus  interface, 

eating  automatically  l/16th  of  the  entire  memory  ad-  ^G  10  shows  an  address  memory  space  allocation  as 

dress  space  to  each  slot  in  the  NUBUS  bus  system.  ^'  ^^^  ^y  *  ^^^^  ^  »  NUBUS  bus  slots  where  the  card 

Thus,  it  is  an  object  of  the  invention  to  provide  a  system  accesses  the  ROM  portion  of  memory  2  by  addressing 

which  configures  itself  and  which  is  still  flexible  but  ^*  upper  portion  of  the  small  space  for  slot  0, 

which  does  not  penalize  the  user  because  of  its  flexibil-  ^G.  11  is  a  perspective  view  of  the  main  circuit 

ity.  It  is  a  further  object  of  the  invention  to  provide  a  *>oard  (mother  board)  of  a  computer  system  according 

main  circuit  board  (mother  board)  having  slots  which  ^°  ^^  ^^^  invention. 

allow  greater  automatic  computer  power  due  to  in-  ^^'  ^^  is  a  schematic  diagram  of  an  exemplary  de- 
creased memory  space  for  each  card.  It  is  a  further  *^.°**"  "^^"^  utilized  on  a  card  according  to  the  inven- 
object  of  the  invention  to  provide  printed  circuit  board  ^^^^' 

cards  (modules)  which  automatically  configure  to  their  ^*^'  ^^  is  a  block  diagram  of  a  computer  system 

memory,  space  and  have  increased  memory  space  re-  ^^  according  to  the  invention, 

served  for  each  of  the  cards.  ^^   **  shows  a  printed  circuit  board  card  of  the 

This  invention  invloves  a  computer  system  which  has  "^^ention  which  is  intended  for  use  with  the  main  cir- 

expansion  slots  coupled  to  a  NUBUS  bus.  which  slots  '''"*  ^"^^  °^  ™  mvention. 

have  increased  memory  space  available  for  and  re-  3-  DETAILED  DESCRIPTION  OF  THE 

served  for  memory  on  cards  (modules)  in  the  expansion  INVENTION 

slots  and  where  the  reservation  of  the  increased  mem-  t    *u    r  n            j       -  .■                               .^     . 

ory  occurs  by  use  of  distinct  identification  line  means  ^^  ^  ll^J^  *^^  "T""*"  '^"^u.  "^t 

which  provides,  via  a  distinct  sigmd.  a  distinct  number  ^  "^  described  and  shown,  such  as  circmts,  block 

identifi^g  the  slot  number  to  j^lrd  located  in  ^  „  ^«™!;  "*^?^  *^"**!:  »ogic  values,  etc.  m  order 

slot.  Mor^ver,  the  invention  proves  a  card^^g  a  "  LLT^    h              f  undersmdmg  of  the  pr^t 

decoder  means  which  is  couplid  to  receive  the  distinct  TfT^i.  ^ T""^'  T  ^  °^'^''"'  "^  °^  '^*^^ 
«ianAi  nrnviH^  k«  frh-  Hi.»i«i»  iA^^ic.'      V    """"^^        the  art  that  the  present  mvention  may  be  practiced 

A^^^n^^  ?nn?  tl^^^^  *i*°»^'  '^^  '^^^  details.  In  other  instances,  well 

^d^^  tL^„.T"rr^  "*"'  "^T"^'  ""°'*^'  P'*^        ^own  components  and  sub-systems  are  not  de^^ribed 

^BUS  h^!  ^f  ^<l^^  'f.^^,<T^'^^  ''"  ^  ^"  ^^"^^  '^  °'der  not  to  unnecessarily  obscure  the  pres- 

NUBUS  bus.  The  comparison  results  m  256-megabytcs        ^^  invention. 

wW?ih7m^^*  '^"^^  *?'  '^^.^l!l?^°'  FIG-  1  ^hows  the  general  structure  of  a  computer 

7^%^^.^  Tr  ^™r.^^^  *^  '^  system  according  to  the  present  invention.  The  system 
^H^*  Z^nt^  T^'  !!  ^-         K.  "^l"d«  *  ^«"^^^  processing  unit  1  (CPU  1).  w4h  is 

th  J^^r^fi^Tl  f^^^  f^'^^Tu""".^'  '°  ^'  ^"^y  ^  microprocessor,  and  which  is  coupled  to  mem- 
^^nal^j^^^^A^^'''^  *if  '^'^T  °^  2  to  permit  the  CPU  1  to  read  daU  from  the  mem- 
appeanng  on  the  NUBUS  bus  to  dctenmne  whether  the        ory  2  ami  write  data  into  the  memory  2.  The  CPU  1  U 

SlnJ^^  "    ^^ir^J^  ?^  ^^*  ""?*  =°"P'«*  *°  ^^  """"^nr  2  to  provide  addresses  of  mem. 
^gn^cant  hexadecmial  digtt  m  the  address.  When  the  ory  locations  via  the  processor  bus  5.  which  acts  as  an 
decoder  meMMdctOTunw  they  are  equal,  it  enables  any  50  address  bus  and  provides  addresses  to  die  memory  2 
memory  on  the  card  ^^^J^dressed  baaed  on  the  ad-  from  the  CPU  1.  Data  (which  includes  computer  pro- 
dress  appewmg  on  die  NUBUS  bus.  The  comparison,  of  gram  instructions)  from  the  addressed  memory  loca- 
course.  is  done  m  bmary,  but  for  purposes  of  explana-  tions  is  provided  by  the  memory  2  into  the  processor 
tion.  It  IS  eaficr  to  consider  the  comparison  process  as  if  bus  6  which  acts  as  a  bidirectional  data  bus.  The  CPU  1 
It  were  done  m  hexadecimal.                                            55  niay  write  to  the  memory  2  by  first  providing  an  address 
BRIEF  DESCRITPION  OF  THE  DRAWINGS  ^^^  ^  processor  bus  5  which  addresses  memory  loca- 
_-    •  .       . ,     ,    J.              ^                ,  ^°^  "*  the  memory  2  according  to  the  address  signals 
FIG.  1  IS  a  block  diagram  of  a  general  computer  over  the  processor  bus  5  and  then  writing  to  the  mem- 
system  of  a  preferred  embodiment  of  the  mvention  ory  2  by  providing  data  over  the  processor  bus  6  to  the 
whCTc  there  are  6  slott  coupled  to  the  NUBUS  bus  10.  60  memory  2,  As  is  weU-known.  certain  signals  from  the 
FIG.  2  IS  a  map  of  the  physical  address  memory  space  CPU  1.  which  may  be  carried  over  the  processor  bus  5 
of  ^embodiment  of  the  invention.  indicate  whether  the  CPU  1  is  writing  to  the  memory  2 
FIG.  3  IS  a  physical  address  memory  space  map  or  reading  from  the  memory  2.  The  processor  bus  5  is  a 
showmg  die  memory  space  allocation  for  a  preferred  32-bit  address  bus  and  thus  includes  32  address  lines 
embodiment  of  the  invention.                                          §5  which  provide  the  address  signals.  The  processor  bus  5 
FIG.  4  shows  a  prmted  circuit  board  card  of  the  further  includes  control  signals  (e.g.  R/W  (read/write) 
invention  which  is  intended  for  use  with  the  mother  and  Chip  Select)  which  indicate  whether  the  CPU  1  is 
board  of  the  invention.  readmg  (from  the  memory)  or  writing  (to  the  memory) 
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and  other  associated  control  signals,  including  control  provide  electrical  connections  to  the  NUBUS  bus  10.  A 

signals  for  the  particular  microprocessor  being  used  and  card  according  to  the  present  invention  includes  termi- 

timing  signals  (e.g.  column  address  strobes  and  row  nals  51  which  are  designed  to  make  electrical  connec- 

addresa  strobes)  as  is  well-known  in  the  prior  art  and  tions  with  the  respective  cooperating  terminals  in  the 
therefore  is  not  discussed  herein  in  greater  detail.  The    5    slot,  to  thereby  permit  components  on  the  card  to  re- 

proc^soT  bus  6  includes  a  32-bit  data  bus  (and  thus  32  ceive  all  of  the  signals  of  the  NUBUS  bus  10. 

data  lines  which  provide  the  data  signals)  and  associated  A  card  in  one  of  the  slots  29,  30,  31,  32,  33  or  34  can 

control  signals  for  the  particular  microprocessor  being  communicate  with  the  memory  2  via  the  NUBUS  bus 

used  which  are  typically  included  with  data  buses,  as  is  interface  9,  and  the  CPU  1  can  communicate  with  any 
well-known  m  the  prior  art  (e.g.  write  enable  signal,  10  memory  on  the  card  via  the  NUBUS  bus  interface  9, 

etc.).  The  CPU  1  according  to  the  invention  includes  an  which  is  described  below.  For  example,  the  NUBUS 

address  generation  means  for  generating  2^2  different  bus  interface  9  receives  addresses  for  memory  on  a  card 

ad^^^esranpng  from  location  $  0000  0000  to  location  in  a  slot  from  the  CPU  1  over  the  bus  25  and  provides 

SFFFF  FFFF  (the  doUar  sign  indicates  hexadecimal  those  addresses  onto  the  NUBUS  bus  10  through  inter- 
notation>,  that  address  generation  means  is  typically  15  connect  bus  11;  the  interface  9  serves  to  allocate  the 

coupled  to  the  processor  bus  5  and  is  part  of  the  CPU  1,  synchronize  the  processor  buses  5  (through  25)  and  6 

such  as  the  microprocessors  68020  (Motorola)  and  between  the  CPU  1  and  any  CPU  on  a  card  (which  may 

80386  (Intel).  seek  to  control  the  NUBUS  bus  to  read  from  or  write  to 

The  computer  system  also  includes  input  and  output  the  memory  on  a  card).  Similarly,  the  interface  9  re- 
circuitry  which,  as  is  well  known  in  the  prior  art,  is  used  20  ceives  addresses  for  the  memory  2  from  a  CPU  on  a 

to  interface  the  computer  to  receive  data  from  and  card  ("NUBUS  bus  device")  through  NUBUS  bus  10 

provide  data  to  peripheral  units.  The  details  of  this  and  the  interconnect  bus  11;  following  synchronization 

circuitry  as  wcU  known.  Input/output  (I/O)  circuitry  7  to  the   processor  buses   and   determination   that   the 

is  coupled  to  the  CPU  1  and  the  memory  2  via  the  NUBUS  bus  device  (which  generated  the  address)  may 
interconnect  bus  13  and  the  processor  bus  6  and  the  23  take  control  of  the  processor  buses  (by  placing  address 

processor  bus  3.  The  I/O  circuitry  7  may  be  utilized  to  signals  onto  the  processor  address  bus  5  through  bus 

provide  access  to  peripheral  devices,   such  as  disk  25),  the  interface  9  provides  the  address  signals  to  the 

drives,  printers,  modems,  video  displays  and  other  pe-  bus  25  which  is  connected  to  the  memory  2.  The  mem- 

ripheral  units  for  use  with  the  computer  system.  As  ory  2  responds  with  data  from  the  addressed  location, 
shown  in  FIG.  1,  a  disk  drive  8  is  coupled  to  the  I/O  30  which  data  is  placed  onto  the  bus  6  which  is  coupled  to 

circuitry  by  an  interconnect  bus  shown  between  the  the  interface  9  which  provides  that  data  to  the  NUBUS 

I/O  circuitry  7  and  the  disk  drive  8.  The  I/O  circuitry  bus  device  through  the  NUBUS  bus  10. 

7  is  coupled  to  the  memory  2  through  the  processor  bus  The  computer  system  shown  m  FIG.  1  utilizes  the 

6  to  provide  data  to  the  memory  and  to  receive  data  NUBUS  bus  as  an  expansion  bus  for  a  computer  system 
from  the  memory  and  from  the  CPU  1;  the  bus  3  allows  35  on  a  main  circuit  board  where  the  CPU  1  processor 

the  CPU  to  address  the  peripheral  units  attached  to  the  buses  on  the  main  circuit  board  may  not  be  NUBUS 

I/O  drcuitry  7  and  allows  the  I/O  circuitry  7  to  address  buses.  Thus,  the  slots  coupled  to  the  NUBUS  bus  10 

the  memory  2.  The  I/O  circuitry  7  is  also  coupled  to  the  provide  the  capability  to  expand  the  system  to  include, 

CPU  to  receive  data  and  control  signals  from  the  CPU  for  example,  additional  memory  or  an  additional  pro- 
1.  Thus,  the  peripheral  units,  such  as  the  disk  drive  8,  40  cessor  card.  However,  it  is  possible  to  utilize  the  inven- 

can  exchange  data  (which  includes  programs)  with  the  tion  with  a  NUBUS  bus  architecture  where  there  is  no 

CPU  1  and  the  memory  2;  it  can  also  exchange  data  CPU  on  a  main  circuit  board  and  no  memory  on  that 

with  any  cards  and  the  slots  coupled  to  the  NUBUS  bus  board.  Such  a  system  is  shown  in  FIG.  13  and  will  be 

10  such  as  slot  29  which  has  a  distinct  number,  $9,  in  the  described  below. 

computer  system  shown  in  FIG.  1.                                  43  FIG.  13  shows  a  general  example  of  the  invention  for 

In  a  typical  transaction  the  CPU  1  provides  an  ad-  a  computer  system  utilizing  a  NUBUS  bus  120  on  a 

dress  over  the  bus  5.  The  memory  2,  which  is  coupled  to  mam  circuit  board  which  includes  slots  each  of  which  is 

the  bus  5.  receives  the  addresses  and  provides  a  value  coupled  to  the  NUBUS  bus  120.  The  main  circuit  board 

over  bus  6  based  on  the  location  addressed  according  to  of  such  a  system,  as  illustrated  in  FIG.  13,  may  include 

the  address  provided  on  the  bus  5.  The  data  from  mem-  50  the  NUBUS  bus  120  and  15  slots  designated  as  slot  130, 

ory  2  is  provided  over  the  processor  bus  6  to  the  CPU  slot  131.  ...through  slot  144.  Each  of  the  slots  is  coupled 

1.  Memory  2  typicaUy  includes  RAM  and  may  further  to  the  NUBUS  bus  120  by  in  interconnect  bus;  hence, 

include  ROM  (read  only  memory).  The  processor  bus  6  slot  130  is  coupled  to  the  NUBUS  bus  120  by  intercon- 

is  coupled  to  the  NUBUS  bus  10  through  the  interface  nect  bus  150,  which  interconnect  bus  normally  includes 

9  and  interconnect  buses  11  and  12.                                 55  all  lines  of  the  NUBUS  bus  120  and.  in  addition,  in- 

^^  The  computer  system  shown  in  FIG.  1  includes  six  eludes  four  lines  which  serve  as  distinct  identification 

"expansion"  slots  which  are  designed  to  receive  printed  line  means.  These  four  lines  typically  carry  binary  val- 

circuit  board  cards  and  to  make  electrical  connections  ues  which  together  can  specify  any  number  from  0  to 

with  circuitry  on  the  cards,  such  as  cards  50  and  50c  in  15.  Each  of  the  slots  receives  a  distinct  identification 

FIGS.  4  and  14  respectively.  That  system  includes  slots  60  line  means  which  provides  a  different  (distmct)  number 

29,  30,  31.  32.  33  and  34  which  are  each  coupled  to  to  each  of  the  slots.  That  is,  a  distinct  identification  line 

another  system  bus.  NUBUS  bus  10,  on  the  other  board.  means  incorporated  as  part  of  the  interconnect  bus  150 

Thus,  slot  29  is  coupled  to  NUBUS  bus  10  via  the  inter-  harries  a  distinct  signal  equal  to  0.  Slot  144  (slot  $E)  has 

connect  bus  19.  Each  of  the  slots  includes  cooperating  a  distinct  identification  line  means  incorporated  as  pan 

terminals,  each  of  which  is  electrically  coupled  to  a  63  of  the  interconnect  bus  164  which  provides  a  value  (a 

particular  signal  line  of  the  NUBUS  bus  10  through  the  distinct  signal)  equal  to  $E.  It  is  noted  that  there  is  no 

interconnect  buses;  thus,  each  of  the  slots  29,  30,  31,  32,  16th  slot  because  the  NUBUS  bus  standard  uses  the 

33  and  34  includes  a  set  of  cooperating  terminals  which  upper  most  256-megabytes  (shown  as  region  40  in  FIG. 
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2)  for  the  small  slot  spaces  (16-megabyte9  each)  allo- 
cated to  slots  0  through  15.  This  is  seen  more  clearly  in 
FIG.  2  which  illustrates  the  physical  ad<kess  memory 
space  of  a  system  such  as  that  shown  in  FIG.  13.  Each 
of  the  slots  SO  through  $E  have  a  "super  space"  of 
2S6-megabytes.  Thus,  for  example  slot  0  has  a  super 
space  of  256-megabytes  which  was  reserved  for  it  from 
memory  location  SOOOO  0000  to  SOFFF  FFFF.  This 
space  is  shown  generally  by  number  41  on  FIG.  2.  This 
sytem  shown  in  FIG.  13  and  2  includes  a  slot  SO  with 
memory  space  reserved  for  that  slot;  however,  because 
many  microprocessors  favor  memory  in  region  41  (the 
slot  SO  super  space),  for  the  sake  of  convenience  a  typi- 
cal application  of  the  general  invention  (e.g.  FIG.  13) 
may  not  include  a  slot  $0  and  no  reservation  of  memory 
space  41  will  be  made  for  any  particular  slot  Thus,  any 
cards  in  the  remaining  slots  (Le.  slots  SI  to  SE)  may  use 
the  memory  in  region  41.  Of  course,  any  number  of  slots 
less  than  15  may  be  implemented  according  to  the  in- 
vention. As  required  by  the  NUBUS  bus  standards, 
each  of  the  slots  $0  through  SE  have  reserved  for  them 
16-megabytes  of  space  located  in  the  226-megabyte 
region  labelled  generally  40;  this  region  spans  from 
location  SFOOO  0000  to  location  SFFFF  FFFF.  Identifi- 


8 


10 


15 


20 


permit  one  card  in  one  slot  to  communicate  with  an- 
other card  in  another  slot  through  NUBUS  bus  120  via 
the  interconnect  buses,  such  as  interconnect  150  and 
151. 

In  the  present  example  involving  FIG.  13,  the  first 
card  50  (assumed  to  be  in  slot  $0)  includes  a  CPU,  such 
as  CPU  61  shown  in  FIG.  4,  and  a  memory,  such  as 
RAM  62  and  ROM  62  which  are  coupled  together 
through  a  card  bus  65  disposed  on  the  first  card  50.  The 
CPU  61  and  the  memory  62  are  coupled  to  the  system 
bus,  which  is  the  NUBUS  bus  120.  through  the  termi- 
nals 51  on  the  card  50.  The  second  card  50c  (see  FIG. 
14)  in  slot  SI  includes  a  memory  62  shown  in  FIG.  14, 
such  as  a  random  access  memory,  but  does  not  include 
a  CPU.  Such  a  card  is  referred  to  as  a  slave  card  and 
cannot  take  mastership  of  th  bus  120.  The  second  card 
typically  includes  a  card  bus  65  which  includes  most  (if 
not  all)  of  the  same  signals  found  on  NUBUS  bus  120. 
Certain  of  the  address  (and  data)  lines  of  the  NUBUS 
bus  120  (which  are  referred  to  as  AD  (31...0)  in  the 
IEEE  1 196  specification.  Draft  2.0  since  the  addresses 
and  data  are  multiplexed  over  the  same  lines)  are  ap- 
plied to  the  decoder  means  60.  The  bus  66  shown  in 


cation  signals,  such  as  the  four  distinct  identification  25  ^°-  *  ^"""^  *^*^"  **^*  complete  NUBUS  bus  ad- 
lines  are  used  to  allocate  the  "small  spaces"  in  the  re-  "^  *"^  ^^  ^^S'^^  ^^  control  signals  and  power 
gion  40  to  each  ofthe  cards.  Each  ofthe  small  spaces  in  signals.  In  this  disclosure,  the  32  address  lines  of 
the  region  40  is  also  referred  to  in  the  NUBUS  bus  NUBUS  bus  (which  also  serve  as  the  32  data  line  on 
standards  as  the  "slot  space".  Addresses  of  the  form  NUBUS  bus)  are  referred  to  as  A31  through  AO  even 
SFSiXX  XXXX  reference  address  space  which  belongs  30  ^<>^8^  they  are  the  NUBUS  signals  AD  (31...0).  Es- 
to  the  slot  space  of  the  card  in  slot  Si.  See  pages  30-31  sentially,  the  decoder  means  60  of  card  SOa  permits  the 
of  the  IEEE  1 196  Specification,  Draft  2.0  which  is  ™«ory  M  on  the  second  card  50a  to  be  addressed  when 
submitted  with  this  disclosure.  ^^^  addresses  on  the  NUBUS  bus  120  are  in  the  reserved 

FIG.  2  illustrates  the  general  physical  address  mem-  address  space  of  the  second  card,  which  in  this  instance 
ory  space  of  the  system  illustrated  generally  in  FIG.  13.  33  ^  addresses  from  location  $1000  0000  through  location 
The  main  circuit  board  which  includes  NUBUS  bus  120  SIFFF  FFFF.  When  the  addresses  are  in  that  reserved 
does  not  include  a  CPU  or  memory.  The  system  clocks  memory  space,  the  decoder  means  60  activates  the  Chip 
170  on  the  main  circuit  board  provide  the  NUBUS  bus  Select  (CS)  lines  (which  are  coupled  to  the  line  64  from 
clock  signals  and  are  coupled  to  the  NUBUS  bus  120  via  ^^^  decoder  means  60)  of  the  memory  62  on  the  card 
lines  175  as  shown  in  FIG.  13.  Not  shown,  but  under-  40  ^^  thereby  indicating  to  the  various  RAM  or  ROM 


stood  IS  the  power  supply  circuitry  for  the  NUBUS  bus 
signals.  It  is  also  understood  that  the  main  circuit  board 
of  the  system  shown  in  RG.  13  should  include  other 
NUBUS  bus  services  which  are  not  placed  on  the  cards, 
such  as  the  NUBUS  timeout  circuitry. 

The  computer  s.ystem  shown  in  FIG.  13  would  typi- 
cally include  two  printed  circuit  board  cards  one  of 
which  would  be  inserted  into  one  slot  and  the  other 
card  (a  second  card)  being  inserted  into  another  slot. 
For  purposes  of  illustration,  assume  the  first  card  is  50 
plugged  into  the  slot  SO  (i.e.  slot  130)  and  the  second 
card  is  plugged  into  slot  SI  (Le.  slot  131).  The  cards  are 


chips  on  that  card  that  they  are  being  addressed, 
thereby  addressing  the  memory  62  on  the  card  50a  in 
slot  $1.  Thus,  the  memory  on  the  second  card  50a  will 
receive  addresses  from  the  system  bus  when  the  de- 
45  coder  means  enables,  by  the  Chip  Select  pins,  the  mem- 
ory  chips. 

Thus,  the  CPU  on  the  first  card  50  in  slot  $0,  which 
CPU  has  an  address  generation  means  for  generating 
2^2  different  addresses  for  addressing  memory,  provides 
an  address  through  the  terminals  of  the  card  in  slot  $0 
onto  NUBUS  bus  120.  Portions  of  that  address  appear 
in  the  decoder  means  60  on  the  second  card  50a.  If  that 
address  is  in  the  range  SIOOO  0000  to  SIFFF  FFFF  the 
memory  on  the  second  card  will  respond  providing  data 


generally  illustrated  in  FIGS.  4  and  14.  They  include  a 

printed  circuit  board  card  50  or  50a  and  terminals  51, 

which  terminals  are  coupled  to  various  components  and  55  onto  NUBUS  bus  120  during  the  appropriate  timing 

signal  lines  on  the  card  50  or  the  card  50fl.  The  terminals  cycle. 

51  are  on  a  portion  of  a  printed  circuit  board  which  The  decoder  means  60  on  the  second  card  in  slot  $1  of 

protrudes  into*  a  receptacle  m  the  slots  which  contain  FIG.  13  compares  the  distinct  number  of  slot  SI.  which 

cooperating  terminals  for  making  electrical  connections  number  is  $1,  to  the  most  significant  hexadecimal  digit 

with  respective  terminals  on  the  card.  The  physical  60  of  the  address  appearing  on  the  system  bus  (NUBUS 


standards  of  the  interconnections  are  specified  by  the 
NUBUS  bus  standard.  The  cooperating  terminals  in  the 
slots  are  coupled  to  the  various  line  and  components  on 
the  main  circuit  board;  for  example,  many  of  the  coop- 
erating terminals  in  the  slots  are  electrically  coupled  to 
the  NUBUS  bus  signal  lines.  These  cooperating  termi- 
nals permit  the  components  on  the  card  to  receive  the 
various  signals  present  on  the  NUBUS  bus  120  and  to 


bus  120)  to  determine  when  the  distinct  number,  m 
hexadecimal,  is  equal  to  the  most  significant  hexadeci- 
mal digit  of  the  address.  When  that  occurs,  the  decoder 
means  enables  the  second  memory  to  be  addressed  to 
65  provide  data  onto  the  system  bus.  Thus,  the  256- 
megabyfes  "super  space"  is  reversed  for  the  second 
card  in  slot  SI.  As  explained  below,  the  decoder  means 
also    performs    the    fimction    of   reserving    the    16- 
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TABLE  1 -continued 


megabytes  of  memory  space  called  for  in  the  specifica- 
tions of  NU6US  bus  systems. 

It  will  be  appreciated  that  slot  SI  of  FIG.  13  is  cou- 
pled to  a  distinct  identification  line  means  which  pro- 
vides a  distinct  signal  to  that  slot,  which  signal  identifies  5 
a  distinct  number  of  that  slot.  This  is  true  for  each  of  the 
other  slots  in  FIG.  13  (e.g.  slot  144  has  a  distinct  signal 
of  $E  which  is  the  distinct  number  of  that  slot).  Typi- 
cally, a  distinct  identification  line  means  comprises  four 
conductors  carrying  binary  values.  For  slot  $1,  only  one  *0 
of  the  four  lines  will  carry  the  binary  value  1  while  all 
others  will  carry  the  binary  value  0,  where  the  1  is  in  the 
least  significant  binary  digit  Thus,  the  distinct  identifi- 
cation line  means  will  provide  the  distinct  signal  1  to  the 
slot  SI  which  will  identify  that  slot  as  having  a  distinct  ^^ 
number  $1-  It  is  understood  that  other  ways  of  identify- 
ing a  distinct  number  may  be  accomplished*  such  as 
providing   an   identification   number   which   through 

mthmetic  convc^ons  produces  the  distinct  number  of       distinct  identification  lines,  which  resistor  wiU  pull  up 
the  slot.  Alternatively,  one  conductor  having  multilevel  ^  the  open  signals  to  substantiaUy  -H5V  and  the  ground 


NUBUS  bus  Slot  Numbers 

For  FIG.  1  Svstem 

Slot 

Number 

Geographic 

Binary 

in  FIG.  1 

Address 

GA3 

GA2 

GAl 

GAO 

Value 

30 

SA 

GND 

open 

GND 

open 

1010 

31 

SB 

GND 

open 

GND 

GND 

ion 

32 

$C 

GND 

GND 

open 

open 

1100 

33 

$D 

GND 

GND 

open 

GND 

1101 

34 

SB 

GND 

GND 

GND 

open 

mo 

(Binary  Vdues  shown  after  logical  invenioii  by  an  invener  of  the  >fUBUS  bus 
signak) 

Each  of  the  lines  in  the  distinct  identification  line 
means  for  each  of  the  slots  is  coupled  to  circuitry  which 
attempts  to  pull  up  the  lines  to  the  power  supply  signal 
-I-  5V.  This  circuitry  will  usually  invoice  a  pull  up  resis- 
tor, according  to  NUBUS  bus  standards,  on  each  of  the 


logic  may  be  provided  as  the  distinct  identification  line 
means. 

A  preferred  embodiment  of  the  invention  utilizing  six 
(6)  slots  will  now  be  described  with  reference  generally 
to  FIGS.  1,  3,  11  and  12.  FIG.  11  shows  a  perspective 
view  of  a  main  circuit  board  14  (also  referred  to  as  a 
mother  board)  which  includes  a  CPU  1,  memory  2 
which  includes  read  only  memory  (ROM),  I/O  cir- 


signals  will  remain  substantially  at  ground.  The  cir- 
cuitry shown  in  FIG.  12,  which  will  be  discussed  be- 
low, assumes  that  the  open  signals  have  already  been 
25  pulled  up  (prior  to  applying  them  to  the  decoder  means 
60)  substantially  to  the  power  supply  voltage  level  of 
-I-5V  and  that  the  >fUBUS  bus  signals  (including  the 
GA3.,.GA0  signals  and  address  (A31...A0)  signals)  have 
been  logically  inverted  by  an  inverter.  Furthermore, 


cuitry  36.  and  su  slots  numbered  29  through  34.  The        each  of  the  NUBUS  bus  signals  on  NUBUS  bus  10  must 
mother  board  14  also  mcludes  a  coimector  means  for  ■  


providing  a  connection  to  a  key  board  as  shown  in  FIG. 
11.  As  with  any  other  personal  ccrtnputer  system,  the 
mother  board  14  also  includes  various  other  circuitry, 
such  as  power  supplies,  latches  and  buffers,  drivers  and 
may  include  video  circuitry,  clock  circuitry  and  other 
components  typically  associated  with  personal  com- 
puter systems  as  is  well  known  in  the  prior  art.  Each  of 
the  slots  29,  30,  31.  32,  33,  and  34  include  cooperating 
terminals  which  make  electrical  connections  with  ter- 
minals 51  on  a  card  which  is  mserted  into  the  slot.  Each 
of  the  slots  29-34  receive,  according  to  NUBUS  bus 
standards,  substantially  all  the  NUBUS  bus  signals  in 
NUBUS  bus  10  as  shown  in  FIG.  1.  The  slots  receive 
the  NUBUS  bus  signals  through  interconnecting  buses 
19.  20.  21,  22,  23,  and  24  as  shown  in  FIG.  1.  These 
connections  are  common  (identical)  to  each  of  the  slots 
except  for  the  distinct  identification  line  means  which 
identifies  to  each  of  the  slots  a  distinct  number  that  each 
slot  has. 

In  this  particular  embodiment,  slot  29  is  assigned  a 
distinct  nunUicr  S9  by  four  conductors  (lines)  carrying 
binary  valuea  as  illustrated  in  the  table  below.  These 
four  conductors  are  part  of  the  interconnecting  bus  19 
although  they  need  not  be  physically  present  throught- 
out  the  entire  length  of  the  lines  in  the  NUBUS  bus  10 
because  they  can  be  locally  provided  in  the  immediate 
proximity  of  slot  S9.  This  is  similarly  true  for  slots  30, 
31,  32,  33  and  34.  The  Geographic  Address  shown  in 
Table  1  is.  of  course,  the  distinct  number  of  eat^  of  the 
slots. 

TABLE  1 

NUBUS  bus  Slot  Numbers 
For  FIG.  I  Svstem 


35 


40 


45 


50 


55 


60 


Slot 
Number 
in  FIG.  I 


65 


Geographic 
Addreu 


GA3        GA2        GAl 


GAO 


Binary 
Value 


29 


$9 


GND      open        open        GND 


1001 


be  mverted  logically  (through  an  uiverter  on  the  cards) 
before  application  to  the  circuitry  on  the  NUBUS  bus 
cards  (e.g.  card  50  and  card  50a);  similarly,  signals  from 
the  cards  onto  NUBUS  bus  10  must  be  inverted  logi- 
cally (through  an  inverter).  Typically,  these  inverters 
would  be  included  on  the  input  and  output  buffers  used 
on  the  cards.  At  the  interface  9,  which  interfaces  be- 
tween the  NUBUS  bus  10  and  the  motherboard  cir- 
cuitry (i.e.  CPU  1,  Memory  2,  I/O  Circuitry  7,  the 
various  buses  5,  6,  25,  etc.),  signals  going  onto  the 
NUBUS  bus  10  are  inverted  and  signals  coming  from 
bus  NUBUS  bus  10  are  inverted.  Thus,  for  example,  the 
GA3  NUBUS  signal  (GND)  which  is  applied  to  the 
slots  is  inverted  to  logical  one  ("1")  on  the  card  and  is 
then  applied  to  the  circuitry  in  the  decoder  means  60 
shown  in  FIG.  12.  These  inversions  are  well  known  in 
the  art.  Of  course,  if  the  CPU  1  and  its  associated  cir- 
cuitry and  buses  (e.g.  buses  5,  6. 25.)  utihze  the  NUBUS 
bus  system,  standards  and  signals,  then  no  inversion  at 
the  interface  9  is  necessary. 

It  can  be  seen  that  in  this  embodiment  (shown  in 
FIGS.  1, 11  and  3).  slot  30  will  have  the  distinct  number 
SA;  slot  31  will  have  the  distinct  number  SB;  slot  32  will 
have  the  distinct  number  SC  in  the  computer  system; 
the  distinct  number  for  slot  33  will  be  SD,  and  slot  34 
will  have  the  distinct  number  $E.  In  the  IEEE*s  pro- 
posed specification  for  the  NUBUS,  referred  to  as  the 
IEEE  1196  bus  specification  the  distinct  identification 
line  means  are  referred  to  as  the  card  slot  identification 
and  are  represented  by  the  symbol  "ID  (3 . . .  0)"  which 
represent  the  geographical  addresses  GA3,  GA2,  GAl, 
and  GAO.  As  noted  in  that  specification  of  the  IEEE,  at 
page  6,  these  four  lines  are  not  bussed  but  are  binary 
encoded  at  each  position  to  specify  the  card's  position  in 
the  computer. 

According  to  the  present  invention,  a  computer  sys- 
tem as  generally  shown  in  FIG.  1  results  in  a  physical 
address    memory    "super    space"    containing    256- 
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megabytes  of  reserved  memory  space.  Thus,  for  exam- 
ple, slot  S9  has  a  reserved  super  space  begimiing  at 
location  $9000  0000  and  ending  at  location  $FFF 
FFFF.  In  addition,  slot  59  may  also  have  a  small  space 
("slot  spKe'*)  reserved  according  to  the  NUBUS  bus 
specification;  in  accordance  with  those  specifications, 
slot  $9  will  have  a  small  space  reserved  for  it  beginning 
at  location  $F900  0000  to  location  $F9FF  FFFF.  As 
shown  in  FIG.  3,  the  256-megabyte  region  42  contains 
the  small  spaces  for  the  various  slots.  There  is  an  unre- 
served NUBUS  memory  address  space  43  which  may 
be  used  by  additional  expansion  slots  which  may  be 
added  to  a  system  designed  according  to  the  present 
invention.  The  lowest  Z36-megabyte  memory  space, 
designated  4S,  is  the  local  address  space  for  the  CPU  1 
which  is  assigned  the  distinct  number  $0  as  if  it  were  on 
a  card  in  slot  SO.  The  CPU  1  may  be  designed  to  "oc- 
cupy'* additional  slots — that  is  it  may  be  assigned  dis- 
tinct numbers  $1,  2  and  3  and  therefore  have  the  entire 
region  44  reserved  as  in  the  particular  embodiment 
shown  in  FIG.  3;  in  effect,  the  motherboard  becomes  a 
card  in  4  slots  ($0,  1,  2,  and  3).  If  the  designer  seeks  to 
isolate  super  space  slot  $0  completely  for  CPU  I's  use 
(i.e.  prevent  a  NUBUS  bus  access  to  that  super  space 


12 


and  I/O  use.  Thus,  for  NUBUS  bus  card,  it  may  access 
the  ROM  which  is  part  of  memory  2  on  the  mother- 
board by  presenting  addresses  in  the  range  SFOOO  GOOD 
to  SFOFF  FFFF  on  the  NUBUS  bus  which  cause  an 

5  access  to  that  ROM.  This  is  implemented  in  well-known 
fashion  by  the  interface  9  which  decodes  addresses  from 
NUBUS  bus  in  the  SFOOO  to  0000  to  SFOFF  FFFF 
region  into  the  ROM  and  I/O  region  of  the  mother- 
board ($4000  0000  to  $5FFF  FFFF).  The  CPU  1  need 

10  not  be  similarly  constrained,  and  accordingly,  it  may 
seek  motherboard  ROM  or  I/O  memory  by  addressing 
the  region  defined  by  $4000  0000  to  $5FFF  FFFF;  that 
is,  CPU  liz  may  have  additional  ROM  or  I/O  memory 
(as  part  of  memory  2)  which  is  not  available  to  the 

15  NUBUS  bus  cards  (which  are  limited  in  access  to  essen- 
tial system  ROM  and  I/O  on  the  motherboard).  This 
embodiment  of  the  invention,  as  shown  in  FIG.  10  is 
consistent  with  the  NUBUS  bus  standards  which  re- 
quire a  configuration  ROM  be  located  at  the  top  of  the 

20   16  MB  small  (slot)  space;  thus,  slot  SO's  ROM  space  is 
located  at  the  top  of  the  space  SFOOO  0000  to  SFOFF 
FFFF. 
The  card  accordmg  to  the  present  invention  will  be 


,.,    .     ^„^,,^                                             -        -  described  with  reference  generally  to  FIGS.  4,  12  and 

SO),  the  NUBUS  bus  mterfere  9  wiU  be  designed  to  25  14.  FIG.  4  shows  a  card  of  the  present  invention  which 

prevent  such  access  but  permit  access  to  the  data  in  may  be  incorporated  into  the  computer  system  of  the 

super  space  $0  by  aliases  repUcated  in  super  space  $1  or  present  invention  by  plugging  it  into  one  of  the  slots  of 

$2  or  $3.  Thus,  NUBUS  bus  addresses  on  NUBUS  bus  the  system,  such  as  slot  29.  The  card  includes  a  printed 

10  m  super  space  SO  may  decoded  to  the  same  respec-  circuit  board  50  on  which  is  disposed  conducting  means 
tive  location  (i.e.  SOXXX  XXXX  to  SlXXX  XXXX)  in*  30  forming  various  lines  such  as  the  card  bus  65  and  the 

super  space  SI.  In  such  a  situation  the  NUBUS  bus  interconnect  buses  67.  68.  and  69.  Similarly  FIG   14 

cards  (m  the  actual  physical  slot  $9  through  $E)  may  shows  a  card  50a  of  the  present  invention  which  is 


access  the  slot  $0  super  space  by  addressing  super 
spaces  SI,  2  or  3  which  can  be  designed  to  include 
aliases  of  the  data  stored  in  super  space  $0,  The  address 
space  ($0000  0000  to  SIOOO  0000)  is  also  the  local  ad- 
dress memory  space  for  cards  operating  entirely  on  the 
card  without  a  NUBUS  bus  transaction;  that  is,  a  card, 
such  as  the  one  shown  in  RG.  4  having  a  CPU  may 


35 


substantially  identical  to  the  card  shown  in  FIG.  4  ex- 
cept it  does  not  include  a  CPU  61  which  generally 
permits  the  card  50  to  act  as  a  master  with  respect  to  the 
NUBUS  bus  10  while  the  card  50a  shown  in  HG.  14 
can  usually  only  be  a  slave  and  cannot  take  control  of 
the  NUBUS  bus  10  and  cannot  mitiate  a  NUBUS  bus 
transaction.  The  cards  50  and  50a  include  terminals  51 


locally  address  its  local  RAM  on  the  card  in  this  same  40  which  make  electrical  connections  with  cooperating 
^TO^c^^*^  '^  provided  the  CPU  does  not  initiate  a  termimals  in  the  slots  to  thereby  couple  the  various 
NUBUS  bus  transaction.  Such  an  arrangement  for  components  on  the  cards  to  the  various  signals  appear- 
purely  local  transactions  on  the  card  is  implemented  by  ing  on  the  main  circuit  board  14.  AU  NUBUS  signals  (to 
address  decoders  on  the  card  as  is  weU  known  in  the  art.  and  from  NUBUS  bus)  are  buffered  and  inverted  by  the 
This  particular  embodiment  shown  generaUy  in  FIG.  45  buffers  59  on  the  cards.  Thus,  for  example  interconnect 
1  also  reserves  additional  memory  space  for  the  I/O  bus  63  connects  the  address  Unes  A31  through  A24  of 
circmtry  and  read  only  memory  (ROM)  which  is  part  of  the  NUBUS  bus  10  to  the  decoder  means  60.  The  bus  63 
the  Memory  2  as  shown  m  FIG.  3.  In  particular,  address  also  mcludes  power  and  the  distinct  identification  line 
SSSP'JSS  **  ^^'^^^  *^^^  5^*^^  0000  to  location  means,  which  in  this  embodiment  has  four  signal  lines 
$4FFF  FFFF.  Moreover,  memory  address  space  for  50  GA3.  OA2.  GAl,  and  GAO,  that  are  coupled  to  tenni- 


l/O  operatkMis  §iad  circuitry  is  reserved  from  location 
$5000  0000  to  location  $5FFF  FFFF.  FIG.  3  shows  an 
embodiment  of  the  present  invention  where  the  I/O  and 
ROM  memory  space  is  located  at  $4000  0000  to  SSFFV 
FFFF.  Thus,  access  to  ROM  OR  I/O  information  can  55 
be  obtained  by  the  CPU  1  or  by  a  second  CPU  61  by 
addressing  those  locations  from  $4000  0000  to  $5FFF 
FFFF.  Another  embodiment  of  the  present  invention  is 
shown  in  FIG.  10  where  the  motherboard  I/O  and 
ROM  memory  space  with  respect  to  NUBUS  bus  cards  60 
is  located  at  SFOOO  0000  to  $FOFF  FFFF.  In  this  em- 
bodiment, the  memory  space  of  motherboard  I/O  infor- 
mation and  system  ROM  (on  the  motherboard)  which  is 


nals  52,  53,  54,  and  55  respebtively.  That  is,  the  signal 
GA3  is  applied  to  terminal  52  through  a  cooperating 
terminal  located  in  the  slot  which  receives  the  card  50. 
Similarly,  the  signal  GA2  is  applied  to  terminal  53; 
signal  GAl  is  applied  to  terminal  54;  and  GAO  is  applied 
to  terminal  55.  These  terminals  52,  53,  54,  and  55  are 
coupled  to  conductor  means  which  present  these  four 
signals  (as  inverted)  to  the  decoder  means  60  at  the 
input  82  of  the  decoder  means  60,  as  shown  in  FIG.  12. 
The  signals  present  in  the  slots  of  this  particular  em- 
bodiment are  presented  below  in  Table  2  and  are 
NUBUS  bus  signals.  Of  course,  NUBUS  bus  10  includes 
a  32-bit  address  bus  which,  during  a  first  read  cycle 
presents  the  address  of  the  memory  location  sought  to 


accessible  by  the  NUBUS  bus  cards  (in  NUBUS  bus  „        _ 

slots)  is  limited  to  16  MB  (megabytes)  while  CPU  1  may  65  be  accesses  andduring  a  second  cycle'acti"lk'  a  datTbuI 

still  access  region  $4000  0000  to  $5FFF  FFFF;  how-  and  receives  dau  stored  in  that  memory  location.  Dur- 

ever,  many  possible  systems  can  be  constructed  in  ing  a  writing  to  memory,  NUBUS  bus  10  carries,  on  its 

which  this  limited  space  of  16  MB  U  sufficient  for  ROM  32-bit  address  bus  during  ^first  cycle,  the  address  of  the 
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locadon  to  be  written  to  and  during  a  second  cycle 
NUBUS  bus  10  provides  the  data  to  be  written  into  the 
location  addressed  in  the  first  cycle.  The  NUBUS  bus 
10  is  substantiaUy  an  IEEE  1 196  bus.  The  cards  gener- 
ally accept  and  use  most  of  these  signals  although  their 
use  will  depend  on  the  particular  needs  of  the  card  and 
the  designer's  goals. 

TABLE  2 


14 


Signal 


NUBUS  bug  Slot  SgiaU  Description 
DeicriptkHi 


+  5  V 
-t-12  V 
-12  V 
-3.2  V 

GND 

RESET 


SPV 


3.2  V  signala  are 


memory  space  is  novel  and  accordingly,  a  description  of 
a  simple  decoder  means  including  a  comparator  means 
and  an  enabling  means  will  be  described.  It  is  within  the 
ordinary  skill  of  the  art  to  develop  other  decoder  means 
5  which  perform  the  functions  of  the  present  invention. 
In  a  typical  transaction  between  the  card  50a  and  the 
CPU  1,  the  memory  62  is  selectively  coupled  to  the 
CPU  1  through  >a;BUS  bus  10  and  its  associated  inter- 
face 9,  described  below,  to  receive  addresses  and  to 
10  provide  data  (or  receive  data  when  written  to)  over 
NUBUS  bus  10.  The  CPU  1  includes  an  address  genera- 
tion means  for  generating  2^2  different  addresses  from 
location  SOOOO  0000  to  location  SFFFF  FFFF.  Ad- 
dresses from  the  CPU  1,  which  are  32-bits  wide,  exit  the 
CPU  1  through  the  processor  bus  5.  The  32-bit  address 
then  enters  the  interconnect  bus  25  and  appears  at  the 
interface  9  which  determines  that  the  address  is  within 
the  NUBUS  bus  address  space,  which  begins  at  S6000 
00000.  Below  that  address,  memory  2  and  I/O  circuitry 
7  will  be  addressed  by  the  CPU  1.  At  and  above  that 
address,  memory  in  the  slot's  super  spaces  or  small 
spaces  will  be  addressed.  Interface  9  determines  that  a 
NUBUS  bus  address  is  being  selected  and  permits,  after 
synchronizing  the  address  signals  of  the  CPU  1  to  the 
NUBUS  bus  and  determining  ownersip  of  the  NUBUS 
bus  10  in  favor  of  the  CPU  1,  the  address  to  appear  on 
NUBUS  bus  10  through  the  interconnect  bus  11.  For 
purposes  of  illustration,  we  shall  assume  that  a  card  50a, 
shown  in  FIG.  14  is  in  slot  $9  which  has  a  distinct  num- 
ber in  the  system  of  $9.  The  decoder  means  60  receives 
the  address  signals  through  NUBUS  bus  10  and  deter- 
mine whether  the  addresses  are  for  that  card's  memory 
space. 

The  decoder  means  60  includes  a  comparator  means 
70  which  compares  the  most  significant  hexadecimal 
digit  of  the  address  (for  reading  or  writing)  to  the  dis- 
tinct number,  in  hexadecimal,  of  the  slot  into  which  the 
card  having  the  decoder  means  60  is  plugged.  The  de- 
coder means  also  includes  a  control  and  clock  signal 
means  71  which  includes  NUBUS  bus  clock  and 
START  and  ACK  signals.  The  decoder  means  may  also 
further  include  a  driver,  a  well-known  component  in 
the  prior  art  and  hence  not  shown,  which  provides 
45  enough  current  to  drive  the  output  from  the  decoder 
means  60  to  sufficient  levels  to  affect  the  target  of  those 
outputs,  which  is  the  Chip  Select  (CS)  Unes  and  pins  of 
the  memory  62.  The  comparator  means  73,  which  is  also 
part  of  the  decoder  means  60,  compares  the  address  to 
50  determine  whether  the  slot's  small  space  is  being  ad- 
dressed. When  one  of  comparator  means  (either  70  or 
73)  determines  that  the  address  appearing  on  NUBUS 
bus  10  is  within  the  super  space  or  small  space  of  the 
card,  that  particular  comparator  means  along  with  the 
55  control  means  71  activates  the  Chip  Select  (CS)  lines 
connected  to  the  memory  62.  Thf  Chip  Select  (some- 
times referred  to  as  the  Chip  Enable  Signal)  tine  is  used. 
as  is  well  known,  to  indicate  to  memory,  such  as  mem- 
ory 62,  that  it  is  being  addressed  (either  for  reading  or 
The  construction  and  use  of  the  decoder  means  60  is  60  writing).  The  Chip  Select  lines  are  coupled  to  line  64  as 
known  by  those  with  ordinary  skill  in  the  art.  It  essen-        shown  in  HGS.  4  and  14. 

tially  involves  the  use  of  a  compartor  means  with  an  The  comparator  means  70  of  the  decoder  means  60 

enabling  means  where  the  comparator  compares  the  includes  four  exclusibve  OR  gates  ("XOR"),  such  as  the 
NUBUS  bus  address  to  the  sig^  appearing  on  the  exclusive  OR  gate  76  which  compares  the  GA3  signal 
distinct  line  identification  means  and  determines  when  63  (appearing  at  input  92)  to  the  most  significant  binary  bit 
the  address  is  within  the  reserved  memory  space  for  the  of  the  32-bit  address  Ime,  A31,  which  is  input  at  input  91 
memory  62  of  the  card.  However,  the  use  of  the  de-  of  the  exclusive  OR  gate  76.  It  is  understood,  as  noted 
coder  means  in  this  context  to  reserve  256-megabytes  of       before,  that  the  NUBUS  bus  signals  in  the  decoder 


SP 


TMO-TMl 


A0-A31 


PFW 


ARB0-ARB3 


GA0-GA3 


START 


ACK 

RQST 
NMRQ 


CLK 


Power  to  iloL  5  Volto. 
Power  to  skH.  12  Volts. 
Power  to  iloL  - 12  Votti. 
Unused  in  this  embodiment  All 
connected  together  on  the  slots. 
Power  return  for  +5  V.  + 12  V,  and  - 12  V. 
Open  collector  signal.  Asserted  at  power  up, 
by  the  CPU  I,  or  by  a  push  button  reset  switch 
which  mny  be  included.  Pulled  up  to  +5  V  by  a 
IK  ohm  resistor.  Slot  card  should  use  this 
signal  to  reset  circuitry  on  card.  ' 

Slot  Parity  Valid.  IF  a  card  is  providing 
parity  on  /SP  this  signal  is  asserted.  The 
ilash  (**/")  indicates  the  signal  is  acdve 
low-th«  is,  it  activates  its  target  when 
it  goes  low. 

Slot  Parity.  CWd  parity  of  /AD0-/AD31  if 
/SPY  asserted. 

Transaction  modifiers.  Used  during  START 
cycle  to  indicate  tiie  size  of  the 
transaction.  Used  during  ACK  cycle  to 
mdicate  completion  status. 

NUBUS  bus  Address/Data  bits  0  through  31.  Used 
during  START  cycle  to  indicate  address.  Used 
during  ACK  cycle  to  indicate  data.  >aJBUS  bus 
specifications  refer  to  these  sugnals  as  ADO- 
ADS  I  or  AD  <31 ...  0)  becatise  the  same  32  lines 
carry  address  during  a  firvt  cycle  and  then 
carry  data  during  a  second  cycle. 
Power  Fail  Warning.  An  open  collector  signal 
pulled  up  by  a  220  w  resistor  to  +3  V.  When 
the  signal  is  puUed  up  the  power  supply  is 
activated.  When  this  signal  is  pulled  low  the 
power  supply  a  disabled.  The  power  supply 
itself  will  pull  this  signal  low  as  a  power 
fail  warning  2  ms  before  the  AC  power  is  lost. 
This  is  an  option  under  IEEE  1 196  sundards. 
Arbitration  bits  0  through  3.  Open  collector 
signals  which  are  terminated  in  the  slots  in 
accordance  with  IEEE  1 196  specifications  <see, 
e.g..  Table  6  of  the  specifications).  Used  to 
arbitrate  bus  nusteiship  between 
the  slots  according  to  NUBUS  bus  Specifications. 
Ocogra^ucal  Address  trits  0  through  3.  Hard 
coded  binary  addreai  of  sloe.  Pins  tied  to 
GND  or  open  (or  +5  V  instead  of  opeoX 
Asaerted  to  indicate  the  presentadtn  of  an 
address  on  A0-A31.  Also  used  to  start 
arbitration  for  the  bus  mastership. 
Acknowked^  Used  to  mdicate  acknowledgement 
of  START  cycle 

Request  Asserted  to  request  bus  mwtenhip. 
Non-inaster  request  An  open  collector  signal 
which  are  terminated  in  the  slots  in  accordance 
with  IEEE  1196  specifications  (see.  e.g..  Table 
6  of  the  specificaiions).  Used  by  card  to  signal  a 
interrupt  to  interrupt  receiver. 
NUBUS  bus  Cock.  Asymmetrical  10  MHz  clock 
which  sychronizes  transactions  on  NUBUS  bus. 
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mMM  60  arc  mvened  (on  the  card  m  buffers  59);  thus,  The  signal  is  obtained  from  the  control  circuitry  on  the 
?rf  DT  *  ^**'  ^^^  '^'^'^  '^*^^  A31  .  .  .  A34  and  card  (e.g.  CPU  61)  and  it  indicates  the  end  of  a  transac- 
bTART,  ACK  and  CLK  as  used  m  the  decoder  means  tion.  The  End  of  Cycle  signal  is  active  low  and  there- 
60  are  inverted.  For  example,  the  START  signal  shown  fore  it  is  inverted  at  the  input  to  Reset. 
m  FIG.  12  IS  the  inverted  NUBUS  bus  START  signal.  5  The  particular  output  on  Une  64  from  the  control 
If  the  most  significant  binary  bit  of  the  address  is  equal  means  71  will  depend  on  whether  memory  62  specifies 
to  the  signal  GA3  then  a  logical  0  will  appear  at  the  (according  to  the  manufacturer)  that  CS  is  active  low 
output  of  the  exclusive  OR  gate  76,  which  output  is  (i.e.  at  a  low  voltage  like  ground)  or  high  (+5  volts)  In 
passed  via  Imc  93  to  a  four  input  OR  gate  77.  The  ad-  this  example,  the  memory  62  is  assumed  to  have  CS 
dress  signals  A31  through  A28  and  certain  signals,  such  10  active  low  ("/CS")  and  therefore  the  memory  62  is 
as  power  and  ground,  are  applied  to  the  comparator  selected  for  addressing  when  the  output  of  means  71  is 
means  70  at  the  mput  83.  These  signals  are  then  pro-  logical  0.  Thus,  the  activation  of  line  64  occurs  when 
wded  to  the  vanous  exclusive  OR  gates  of  the  compara-  the  output  of  NAND  gate  72  is  logical  0  Cow),  causing 
tor  means  70  as  shown  m  FIG.  U.  The  output  from  CS  to  be  puUed  to  substantially  ground  and  thereby 
each  of  the  exclusive  OR  gates  in  comparator  means  70  15  indicating  to  the  memory  chips  (memory  62)  that  they 
will  be  logical  0  only  if  the  two  inputs  to  a  particular        are  being  addressed. 

XOR  gate  arc  identical.  Thus,  each  exclusive  OR  gate  If  there  is  no  match  between  the  distinct  number  and 

does  a  bit  for  bit  companson  between  one  of  the  bit  the  most  significant  hexadecimal  digit  of  the  address,  at 
carrymg  hnes  which  acts  as  a  part  of  the  distinct  idcnti-  least  one  logical  1  will  appear  on  one  of  the  four  outputs 
ficaiion  ine  means  and  one  of  the  four  most  significant  20  of  the  exclusive  OR  gates  in  the  comparator  means  70 
address  hnes.  It  can  be  seen  that  when  a  distinct  num-  which  causes  a  I  to  appear  at  the  output  of  the  OR  gate 
ber,  m  hexadecimal,  is  equal  to  the  most  significant  77,  which  logical  value  1  appears  at  node  70fl.  This 
hexadecimal  digit  of  the  address,  each  of  the  exclusive  means  the  address  is  not  in  the  card's  super  space.  In  this 
OR  gates  will  produce  a  logical  0  at  its  output  causing  case,  the  memory  62  can  only  be  addressed  from 
the  output  of  the  OR  gate  77  to  also  be  logical  0  causing  25  NUBUS  bus  10  only  if  the  address  is  in  region  42  (small 
node  70a  to  be  logical  0.  Node  70a  is  coupled  to  the        spaces). 

output  of  OR  gate  77  and  is  also  coupled  to  one  of  the  The  decoder  means  60  also  includes  a  comparator 

mputs  to  NAND  gate  90  which  is  part  of  the  control  means  73  which  is  responsible  for  reserving  for  the 
meaiu  71.  The  output  from  the  comparator  means  73  is  particular  card  a  "slot  space"  which  is  in  the  upper 
coupled  to  node  73a  m  the  control  means  71  and  is  also  30  1/I6th  physical  address  space  of  the  system  (i.e.  region 
coupled  to  the  other  input  of  NAND  gate  90.  When  an  42  shown  in  FIG.  3).  More  specifically,  a  comparator 
address  is  m  the  card's  slot  space,  the  output  of  the  means  73  aUocates  16-megabytes  of  memory  for  the 
comparator  means  73  will  be  logical  0  and  node  78  (the  card  is  plugged.  The  comparator  means  73  includes  a 
oun>ut  of  NAND  gate  90)  wiU  be  logical  1.  When  an  NAND  gate  8S  which  determines  when  addresses  pres- 
address  is  m  the  super  space  of  the  slot,  the  output  of  35  ented  to  the  card  are  in  the  region  42.  The  exclusive  OR 
comparator  m^  70  will  be  logical  0  and  node  78  (the  ("XOR")  gates  of  the  comparator  means  73,  such  as 
oui^ut  of  NAND  gate  90)  wiU  be  logical  1.  When  the  exclusive  OR  gate  88,  and  the  OR  gate  89  compare  the 
address  is  not  m  the  slot's  smaU  space  and  not  in  the  second  most  significant  hexadecimal  digit  to  the  distinct 
card  s  super  small,  node  78  will  be  logical  0  (since  node  number  of  the  slot  into  which  the  card  is  plugged  to 
70fl  and  node  73a  will  each  be  logical  1).  When  the  40  determine  when  the  distinct  number  is  equal  to  the 
address  is  valid  (dunng  a  START),  the  signal  at  the  second  most  significant  hexadecimal  digit  of  the  address 
T^uL*^/  tT  **^*  ^  ^*'  ^  lo^cal  1  and  wiU  be  appearing  on  the  32-bit  address  bus  of  NUBUS  10. 
clocked  (at  the  next  NUBUS  bus  clock  pulse)  to  the  When  this  equality  condition  occurs  each  of  the  XOR 
°I!?  ™  ^  flip-flop  80  so  that  a  logical  1  appears  at  gates  of  means  73,  such  as  gate  88,  will  produce  a  logical 
node  79.  Thus,  when  an  address  U  vaUd  and  is  in  the  45  0  at  its  output  causing  the  output  of  the  OR  gate  89  to 
card  s  reserved  space  (smaU  or  super),  nodes  78  and  79  be  logical  0.  The  output  of  OR  gate  89  is  one  of  the 
will  be  logical  1  causmg  line  64  to  be  logical  0.  thereby  inputs  to  OR  gate  75.  The  four  most  significant  binary 
activatmg  the  memory  62  for  addressing.  At  the  end  of  bits  of  the  address  (A31  .  .  .  A28)  are  appUed  to  the 
the  time  when  the  address  is  vaUd,  the  output  of  AND  inputs  of  NAND  gate  85;  the  output  of  this  gate  is  logi- 
^te  87  wiUbelogic^O  and  wiU  be  clocked  to  node  79  50  cal  0  only  when  the  address  is  in  the  small  space  region 
(through  the  JK  fhp-flop  80)  and  the  memory  62  wiU  be  42.  The  output  of  NAND  gate  85  is  one  of  the  inputs  of 
deactivated.  When  an  address  is  vaUd,  START  (as  OR  gate  75.  The  inputs  to  OR  gate  75  are  both  logical 
shown  m  Fia  12)  is  logical  one  and  ACK  is  logical  0  0  only  when  the  address  is  in  the  card's  smaU  space  in 
(see  insert  to  FIG.  U  showmg  a  timing  diagram  of  the  region  42.  Thus,  the  output  of  OR  gate  75  is  only  logical 
signals  START,  ACK  and  CLK  which  are  inputted  to  55  0  when  the  address  is  in  the  card's  small  space  The 
i^S^  ''  Ir%^^^  "*"**  ^  inverted  at  the  input  address  lines  (A27.  A26,  A25,  and  A24)  constitute  the 
to  AND  gate  87.  Thus,  when  an  address  is  vaUd,  the  second  most  significant  hexadecimal  digit  of  the  address 
output  of  AND  gate  87  is  logical  I;  when  an  address  is  appearing  on  the  32-bit  address  bus  NUBUS  bus  10 
mvahd,  START  is  logical  0  causing  the  output  of  AND  It  can  be  seen  that  when  a  card,  such  as  card  50o  is 

gate  87  to  be  logical  0,  which  value  is  clocked  to  the  60  plugged  into  a  slot  having  a  distinct  number  SX  a  de- 
output  Q  of  flip-flop  80  at  the  next  NUBUS  bus  clock  coder  means  60  will  cause  that  card  to  have  memory 
pulse  as  shown  m  RG.  12.  A  logical  0  at  output  Q  will  space  reserved  for  it  from  locations  SXOOO  0000  to 
deactivate  the  CS  lines  of  memory  62.  The  flip-flop  80  SXFFF  FFFF  and  additional  memory  space  from 
IS  a  clocked  JK  flip-flop  with  the  K  input  tied  to  the  J  SFXOO  0000  to  location  SFXFF  FFFF. 
("D")  mput  through  an  inverter,  such  a  flip-flop  is  65  Transactions  between  the  CPU  1  and  NUBUS  bus  10 
sometimes  referred  to  as  a  D-type  flip-flop  where  K  is  typicaUy  require  certain  actions  of  the  interface  9  which 
the  complement  of  J.  An  end  of  Cycle  signal  may  op-  U  referred  to  as  the  NUBUS  bus  interface  9.  The  exact 
tionaUy  be  appUed  to  the  Reset  input  of  the  flip-flop  80.        implementation  of  the  interface  will  depend  on  the  mi- 
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cropFocessor  selected  for  CPU  1  and  on  its  associated 
buses.  In  its  simplest  form,  the  interface  could  be  an- 
other decoder  means>  having  six  decoders,  each  such  as 
decoder  means  60;  that  decoder  means  receives  six  dif- 
ferent disdnct  signals  having  the  distinct  numbers  $0, 
SI,  S2,  S3,  S4  and  S5,  each  of  those  signals  for  one  of  the 
six  decoders;  this  arrangement  would  produce  the  re- 
sulting division  of  physical  address  memory  space  as 
shown  in  FIG.  3  for  the  computer  system  shown  in 
FIG.  1.  The  interface  9  would  also  be  required  to  syn- 
chronize any  differences  in  timing  between  the  CPU  1 
and  the  NUBUS  bus  aocks  and  would  determine  own- 
ership of  the  buses  being  requested  (whether  the 
NUBUS  bus  10  or  the  processor  buses  5,  25  and  6)  by 
the  master  device,  so  that  only  1  address  appears  on  all 
buses  10,  5  and  25  at  one  time.  Thus,  there  would  be 
several  decoder  means  as  shown  iin  FIG.  12  each  of 
which  receives  a  different  distinct  signal.  The  output  of 

these  decoder  means  would  be  coupled  to  the  CS  pins        

of  memory  2.  At  the  same  time,  the  CPU  1  could  access  20  RQST 
the  slots  attached  to  NUBUS  bus  10  by  merely  placing 
signals  on  the  address  bus  5  which  is  coupled  to  the 
interface  9  which  permits  the  address  signal  from  the 
CPU  1  to  appear  on  NUBUS  bus  10.  Similarly,  the  CPU 
1  could  provide  data  to  NUBUS  bus  slots  by  placing  the  25 
data  on  the  data  bus  6  which  causes  the  data  signals  to 
appear  at  the  NUBUS  bus  interface  9  via  the  intercon- 
nect bus  12  and  those  data  signals  would  then  be  con- 
veyed to  NUBUS  bus  10  and  then  received  by  the  ap- 
propriate slot  depending  on  the  inmriediately  preceding 
address  signal  which  appeared  on  NUBUS  bus  10.  In 
effect,  the  CPU  1  and  its  associated  circuitry  including 
the  memory  2  would  appear  to  NUBUS  bus  10  as  if  it 
was  on  a  card  in  slot  0  or  slots  1. 2,  and  3.  In  the  follow- 
ing discussion  of  a  NUBUS  bus  interface,  the  term  proc-  35  *^C 
esssor  bus  is  generally  used  to  refer  to  the  data  bus  6 
which  is  coupled  to  the  CPU  1  and  to  the  memory  2  and 
to  the  address  buses  5  and  25  as  shown  in  FIG.  1. 

The  NUBUS  bus  interface  9,  as  shown  in  FIG.  5, 
includes  three  state  machines  and  the  NUBUS  bus  40 
clocks  which  interface  between  the  six  slots  (29,  30,  31, 
32,  33,  and  34)  and  the  NUBUS  bus  10  and  CPU  1  and 
memory  2  and  their  associated  circuitry  on  the  mother 
board  14.  In  general,  the  interface  9  must  determine 
ownership  of  the  requested  bus(es)  between  masters,  45 
such  as  CPU  1  and  CPU  on  a  card  (e.g.  CPU  61),  to 
prevent  2  different  addresses  from  2  different  masters 
from  appearing  on  a  bus,  such  as  bus  5  or  NUBUS  bus 
10,  simultaneously;  that  is,  the  mterface  9  must  deter- 
mine bus  ownership,  via  arbitration  between  possible  50 
masters  requesting  the  same  bus,  to  prevent  address 
coUiaioiis  on  a  bus.  Similarly,  during  data  cycles  the 
interface  9'JmiBt  determine  bus  ownmhip,  via  arbitra- 
tion between  possible  masters  requesting  the  same  bus, 
to  prevent  data  collisions  on  a  bus  (such  as  bus  6  or 
NUBUS  bus  10).  Moreover,  the  interface  9  must  syn- 
chronize the  signals  of  the  requesting  master  to  the 
timing  of  the  requested  bus  which  will  be  driven  (for 
addresses  or  writing  data)  or  listened  to  (for  reading 
data)  by  the  master.  The  interface  may  be  implemented 
by  well-known  techniques  in  a  programmable  logic 
array. 

The  signals  present  on  NUBUS  bus  are  described  in 
the  1196  specification  of  the  IEEE  and  in  the  Texas 
Instruments*  publicadons  referred  to  above.  Generally,  65 
the  NUBUS  bus  standards  specify  logical,  physical  and 
electrical  standards  for  the  four  types  of  signals  present 
in  the  NUBUS  bus  10,  These  signals  include  utility 


18 


signals  such-  as  the  clock  and  the  distinct  identification 
line  means;  the  address/data  signals  along  with  various 
control  signals;  the  arbitration  signals;  and  the  power 
signals.  It  can  be  seen  that  certain  of  these  NUBUS  bus 
signals  appear  on  the  left  side  of  the  NUBUS  bus  inter- 
face 9  shown  in  FIG.  5.  Signals  provided  by  the  CPU  1 
or  the  memory  2  flow  through  the  interface  or  permit 
the  interface  to  allow  the  CPU  1  to  communicate  with 
NUBUS  bus  10  and  vice  versa.  The  following  table 
describes  the  signals  used  in  the  NUBUS  bus  state  ma- 
chine involved  in  the  NUBUS  bus  interface  9.  The 
particular  implementation  of  the  interface  9  will  depend 
on  the  particular  CPU  1  selected  for  use  on  the  mother 
board  on  the  designer's  goals. 

TABLE  3 


Sigiula  lued  in  NUBUS  bus  State  Machines 

In  NUBUS  bus  Interface  9 

Description 


55 


60 


A  NUBUS  bus  signal;  active  low;  indicates  a 

request  for  bus  mastership. 

I^ecoded  address  from  processor  CPU  I 

indicating  an  address  reference  to  NUBUS  bus; 

active  low.  The  address  from  CPU  1  is 

decoded  in  a  decoder  means,  which  can  be 

readily  constructed  by  one  of  ordinary 

skill  in  the  art,  and  which  determines 

when  the  address  on  bus  23  in  the  NUBUS  bus 

address  range  of  S60O0  0000  to  SFFFF  FFFF. 

NUBUS  bus  signal;  active  low;  indicates  an  address 

is  present  on  NUBUS  bus. 

NUBUS  bus  signals;  active  low;  arbitration 

address  of  bus  masters  competing  for  NUBUS  bus 

mastership. 

NUBUS  bus  "acknowledge'*  signal;  active  low; 

slave  NUBUS  bus  device  is  acknowledging 

START  transaction. 

Processor  CPU  1  signal  indicatmg  a 

read/modify/  write  is  occurring  on  the 

processor  CPU  1  bus  6  and  25. 

Processor  CPU  1  address  strobe  indicating  the 

address  lines  from  the  CPU  I  are  valid  and 

a  cycle  is  requested.  Active  low  ("/AS"). 

The  processor  buses  6,  3  and  23  can  not  be 

interrupted  by  NUBUS  bus  iransaciions  inio 

memory  2. 

The  Data  Strobe  Acknowledge  from  the  memory  2. 

Processor  CPU  1  bus  grant  indicating  the 

processor  buses  3,  6  and  23  have  been  granted  to 

the  NUBUS  bus  to  communicate  with  the  memory 

2  using  the  NUBUS  bus  to  Memory  2  state 

machine  104. 

The  processor  CPU  1  clock  which  is  used  to 

qualify  signals  from  the  processor  CPU  1  as 

valid. 

Read/Write  ugnal  which  is  used  to  indicate 

when  a  read  or  a  write  is  occurring. 

A  bus  request  from  NUBUS  bus  requesting 

mastership  of  the  proccssw  buses,  principally  bus  6 

(via  bus  12)  and  buses  5  and  23. 

NUBUS  bus  signal  from  NUBUS  bus  sute  machine 

t04  acknowledging  granting  of  the  processor 

buses  by  the  processor.  Typically,  NUBUS  bus 

requests  control  c^  the  processor  buses  by  issuing 

a  /BR  signal;  request  for  the  processor  buses 

is  granted  by  the  signal  /BO  which  is 

received  by  the  NUBUS  bus  to  memory  2  state 

machine  10*  which  acknowledges  receiving  the 

granting  of  the  processor  buses  for  mastership. 

Bus  error  signal  from  NUBUS  bus  indicating  there 

is  an  error  in  the  system.  This  signal  is 

usually  issued  by  the  NUBUS  bus  timeout  state 

machine  105  which  watches  for  transactions  which 

exceed  approximately  23  microseconds;  any 

such  transaction  is  assumed  by  the  bus  timeout 

state  machine  to  be  in  error  resulting  in  the 

signal  /BERR  to  be  sent  to  the  processor. 

Datastrobe:  A  NUBUS  bus  signal  indicating  the 

data  lines  from  the  NUBUS  bus  are  valid  and  a 


START 


30    ARB0-ARB3 


ACK 


AS 


/BUSLOCK 


DSACKx 
BG 


C16M 


R/W 


/BR 


/BGACK 


/BERR 


/DS 
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TABLE  3-continued 
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StgBtls  osed  in  NUDUS  bus  Sute  Machines 
In  NUBUS  bus  Interface  9 


Signal 


Oocription 


cycle  is  requested. 


10 


20 


25 


30 


35 


The  processor  CPU  1  typically  accesses  and  requests 
the  NUBUS  bus  10  whenever  the  processor  CPU  1 
generates  a  physical  address  from  S«000  0000  to  SFFFF 
FFFF.  The  CPU  1  to  NUBUS  bus  state  machine  103 
determines  there  is  such  a  request  when  decoders  on  the 
mother  board  coupled  to  bus  25  indicate  an  address  on 
bus  25  has  a  most  significant  hexadecimal  digit  between 
$6  and  $F,  including  S6  and  $F.  Under  these  circum- 
stances, the  output  of  those  decoders  causes  the  asser- 
tion of  the  /NUBUS  signal.  The  state  machine  103  the 
synchronizes  the  request  for  NUBUS  bus  control  with 
the  NUBUS  bus  clock  and  presents  the  same  address 
over  the  bus  10  after  determining  the  CPU  1  may  take 
ownership  of  NUBUS  bus  10  to  drive  the  address  sig- 
nals onto  the  NUBUS  bus  10.  If  a  card  on  NUBUS  bus 
responds,  the  data  is  transferred.  If  no  card  responds,  a 
NUBUS  bus  timeout  occurs  and  a  bus  error  (/BERR)  is 
sent  to  the  processor,  which  usually  causes  execution  of 
an  error  handling  routine.  The  NUBUS  bus  timeout 
state  machine  105  monitors  the  time  between  START 
signals  on  NUBUS  bus  and  acknowledge  (ACK)  signals 
on  NUBUS  bus.  When  the  time  between  those  signals 
exceeds  255  NUBUS  bus  Clocks,  according  to  the 
NUBUS  bus  standards,  the  NUBUS  bus  timeout  state 
marhinc  generates  the  bus  error  as  indicated  above. 
FIG.  8  illustrates  the  signals  involved  in  the  processor 
CPU  1  to  NUBUS  bus  transaction  through  the  NUBUS 
bus  interface  9  and  more  specificaily  through  the  pro- 
cessor to  NUBUS  bus  state  machine  103.  The  signals  on 
the  right  side  of  the  block  103  shown  in  FIG.  8  which 
are  directed  to  the  CPU  1  side  of  machine  103  are 
NUBUS  bus  signals.  The  right  side  of  machine  103  is  4q 
the  NUBUS  bus  side  of  the  system  and  includes  the  6 
slots.  On  the  left  side  of  the  interface  9  is  the  CPU  1  and 
the  memory  2  portion  of  the  system.  This  is  also  true  for 
FIG.  9.  Signab  entering  (i.e.  the  arrow  is  directed 
towards  the  machine  103)  the  machine  103  from  the 
NUBUS  bus  side  are  generally  NUBUS  bus  signals  and 
signals  exiting  the  machine  103  on  the  NUBUS  bus  side 
are  generated  by  the  CPU  1  or  the  result  of  the  interac- 
tion CPU  1  and  the  machine  103.  Similarly,  signals  on 
the  CPU  1  side  of  the  machine  103  which  enter  the  50 
machine  103  are  signals  generally  from  the  CPU  1  or 
memory  2  or  circuitry  associated  with  that  portion  of 
the  system.  The  signals  on  the  CPU  1  side  of  machines 
103  and  104  are  carried  by  the  bus  12  of  FIG.  1  and  the 
signals  on  the  NUBUS  bus  side  of  machines  103  and  104 
are  carried  by  bus  11. 

The  normal  CPU  1  to  NUBUS  bus  transaction  starts 
with  the  sute  machine  103  waiting  for  the  signal 
NUBUS  bus  to  be  asserted  (which  is  synchronized  to 
the  IO-MH2  NUBUS  bus  clock).  When  this  signal  is 
asserted,  and  no  other  bus  masters  are  asserting  RQST 
on  NUBUS  bus  10,  state  B  is  entered  into  form  sute  A, 
the  prior  waiting  sUte.  Sute  B  has  asserted  the  RQST 
signal  of  NUBUS  bus  and  esUblishes  a  request  by  CPU 
1  for  the  NUBUS  bus  10  among  other  bus  masters 
which  are  asserting  RQST  at  the  same  time.  For  pur- 
poses of  arbitration  under  the  NUBUS  bus  standards, 
the  CPU  1  is  assigned  to  slot  SO. 


Sute  B  is  followed  by  sUte  C  during  which  the  arbi- 
tration and  acknowledge  (ACK)  signals  are  sampled  to 
check  if  any  other  NUBUS  bus  transaction  is  in 
progress  or  if  some  other  NUBUS  bus  master  has  won 
NUBUS  bus  10.  If  a  transaction  is  in  progress  and  no 
other  bus  master  won  mastership,  sute  C  is  retained.  If 
any  other  bus  master  requested  the  bus  during  sute  B, 
sute  D  is  entered  into,  [Note:  Since  the  processor  CPU 
1  accesses  the  bus  from  slot  SO,  it  always  loses  to  the 
other  slots  since  the  arbifcration  is  based  on  the  distinct 
number  under  the  NUBUS  bus  standard].  If  no  other 
mater  has  won  the  bus  and  no  other  transaction  is  oc- 
curing.  sUte  E  is  entered  into. 

Sute  E  asserts  the  START  signal  of  the  NUBUS  bus 
10  and  drives  the  address  from  CPU  1  onto  the  NUBUS 
bus  10.  It  is  understood  that  latches  and  buffers  are  used 
to  temporarily  store  addresses  and  daU  in  these  sute 
machines  103  and  104  and  generally  in  the  system.  Sute 
F  follows  Sute  E  and  waits  for  the  acknowledge  signal 
(ACK)  from  the  card  which  was  addressed.  When  the 
acknowledge  signal  is  asserted  on  NUBUS  bus  10,  and 
no  other  masters  are  requesting  the  bus  10,  a  SUte  G  is 
entered  in  which  the  DSACKx  signals  to  the  processor 
CPU  1  are  generated  to  finish  the  process  cycle.  If  no 
other  master  is  asserting  RQST  during  Sute  G,  State  H 
is  entered  into  which  is  a  Sute  in  which  the  NUBUS 
bus  10  is  "parked"  which  is  to  say  that  a  second 
NUBUS  bus  transaction  from  the  processor  CPU  1  will 
be  able  to  go  directly  to  sUte  E  to  start  the  NUBUS  bus 
access  instead  of  sUte  A.  If  RQST  is  asserted  during 
Sutes  F,  G,  or  H,  the  NUBUS  bus  10  must  be  rearbi- 
trated  to  determine  the  current  bus  master  and  Sute  A 
becomes  the  waiting  Sute  rather  than  SUte  H.  These 
sequences  of  sUtes  may  be  executed  by  well  known 
sute  machine  techniques.  The  following  uble  summar- 
izes the  sutes  and  signals  involved  in  the  processor 
CPU  1  to  NUBUS  bus  interface  which  is  executed  by 
the  CPU  1  to  NUBUS  bus  sute  machine  103. 

TABLE  4 


States 


Proceaaor  CPU  1  tg  NUBUS  bus  States 
Signals 
Asserted  Description 


43 


55 


60 


65 


RQST 


RQST 


RQST 


START.  A0-A31 
(NUBUS  bus) 


Idle  sute.  Waiting  for 
the  processor  CPU  1  to 
generate  NUBUS  bus  address 
access  (addressing  a 
memory  location  from 
J6000  0000  to  SFFFF  FFFF) 
and  for  RQST  (from  cards) 
to  be  deasserted  by  cards  in 
the  NUBUS  bus  slots. 
Request  NUBUS  bus.  TTw 
processor  CPU  1  is 
requesting  NUBUS  bus  and 
DO  other  RQST  asserted. 
Test  for  arbitration  win. 
The  arbitration  lines 
should  all  be  deasserted 
since  processor  CPU  I  is 
arbitration  number  zero. 
If  last  cycle  is  waiting 
for  ACK.  stay  put.  If  an 
arbitration  line  is 
asserted,  try  again  after 
next  START  transaction. 
Wait  for  next  round  of 
arbitration.  START 
indicates  next  round  of 
arbitration  is  available. 
Start  transaction. 
Assert  processor  CPU  1  address 
on  32-bil  address  line  of 
NUBUS  bus  10. 
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TABLE  4-continued 
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TABLE  5-continued 


Processor  CPU  1  to  NUBUS  bus  Statra 
Signals 


State 


Signals    , 
Asserted 


Description 


States      Alerted 
F  A(>-A3l 


Description 


DSACKa  DASCKl 


Wait  for  ACK.  Wait  for 
acknowledge  from  slave  device. 
CPU  I  Asserts  A()-A3l  (^aJBUS 
bus)  if  CPU  1  is  writing  to 
NUBUS  bus  device  (e.g.  a  card). 
Note  whether  RQST  is  asserted 
to  detennine  if  bus  will 
remain  "parited".  If  RQST 
is  asserted,  the  state 
auuzhine  will  recycle  to 
state  A  after  state  G. 
Assert  DSACKjl  NUBUS  bus 
slave  completed  trans* 
action,  and  processor 
CPU  1  cycle.  NUBUS  bus 
remains  "parked". 
Wait  for  next  processor 
CPU  1  to  NUBUS  bus  trans- 
action. NUBUS  bus  remains 
"parked"  to  allow  quick  start 
to  next  cycle.  


10 


Cl 


Dl 


El 


BGACK.  A0-A3I 

(on  bus  IS) 

D0-D31 

(on  bus  6) 

R/W 

AS;  DS;  A0-A31 

(on  bus  23) 

D0-D31 

DSACK 


F!        ACK  (NUBUS  bus) 


20 


The  State  machine  shown  in  FIG.  8  receives  the  ad- 
dress signals  of  the  CPU  1  (A0-A31)  from  the  CPU  1  on 
the  bus  25.  The  signals  appearing  on  the  right  side  of  the 
state  machine  103  are  NUBUS  bus  signals.  Certain  sig- 
nals on  the  left  side  of  state  machine  103  are  also 
NUBUS  bus  signals  such  as  the  clock  signals  /CNIOM 
and  C20M,  as  well  as  /NUBUS  bus  although  the  latter 
is  caused  by  CPU  1  by  generating  a  NUBUS  bus  ad- 
dress. 

The  NUBUS  bus  to  CPU  I  buses  state  machine  104, 
as  shown  in  FIG.  9.  is  for  access  for  the  memory  2 
(which  may  include  RAM,  ROM  and  I/O)  from 
NUBUS  bus.  In  one  embodiment,  if  an  address  from 
$0000  0000  to  S5FFF  FFFF  is  presented  on  the 
NUBUS  bus,  then  the  NUBUS  bus  to  processor  buses 
state  machine  104  requests  the  processor  buses  from  the 
CPU  I  and  performs  an  access  to  the  address.  An  alter- 
native embodiment  (FIG.  10)  will  also  be  described  in 
which  accesses  to  RAM  of  memory  2  occur  by  address- 
ing SOOOO  0000  to  $3FFF  FFFF  and  accesses  to  ROM 
or  I/O  of  the  motherboard  occur  by  addressing  SFOOO 
0000  to  SFOFF  FFFF.  Normally,  after  the  data  is  sent  to 
or  from  the  NUBUS  bus  master  (i.e.  the  card  in  the 
NUBUS  bua  slot),  control  of  the  processor  buses  5  and 
6  is  returned  to  the  processor  CPU  1. 

The  following  Table  describes  the  states  and  signals 
involved  in  the  NUBUS  bus  to  CPU  1  buses  transaction. 

TABLES  


25 


30 


NUBUS  bus  to  "Memory  2  transaction. 
Wail  for  CPU  1  to  assert  Bus  Grant 
and  deassert  address  strobe. 
Assert  mastership  of  processor  buses 
and  set  up  addresses  and/or  data. 


Address  strobe  asserted. 

Data  strobe  asserted. 

Wait  for  valid  dau  from  Memory  2 

(or  write  to  Memory  2  during  time 

when  data  is  valid). 

Wait  for  Data  Strobe  Acknowledge 

(DSACK)  from  Memory  2  to  indicate 

end  of  cycie. 

NUBUS  bus  to  processor  buses 

transaction  complete.  Wait  to 

determine  if  next  cycle  will 

continue  with  ^^JBUS  bus 

controlling  the  processor  buses. 

NUBUS  bus  can  lock  onto  the 

processor  buses  by  asserting  a 

Lock  Attention  signal 

which  causes  CPU  1  to  relinquish 

control  of  the  processor  buses  for 

several  transactions  without  CPU  1 

contention  until  Null  Attention 

signal  is  assened;  assertion  of 

Lock  Attention  causes  looping  of  the 

sutes  Bl  toFl. 


35 


Statie 


Signate 
Asserted 


Description 


Al 


Bl 


BR 


Idle  state.  Waiting  for  address  on 
NUBUS  bus  10  to  processor  buses 
locations  (e.g.  SOOOO  0000  to  $3FFF 
FFFF  and  SFOOO  0000  to  SFOFF 
FFFF)-  If  the  processor  buses  are  not 
locked  (e.g.  by  locking  the 
processor  buses  through  assertion  of 
Buslock  signal  of  CPU  1)  and  the 
CPU  1  is  not  doing  a  NUBUS  bus 
access,  the  processor  buses  will  be 
requested.  If  Buslock  is  asserted,  then 
NUBUS  bus  access  to  Memory  I  is 
delayed  until  Buslock  is  reasserted 
and  the  state  remains  at  A 1. 
Bus  Request  asserted.  Request  by 
NUBUS  bus  of  processor  buses  for 


The  NUBUS  bus  to  CPU  1  buses  transaction  begins 
with  state  Al  shown  in  Table  5  above,  where  the  state 
machine  104  is  idling  by  waiting  for  an  address  on 
NUBUS  bus  10  in  the  Memory  2  memory  space  (e.g. 
$0000  0000  to  $5FFF  FFFF;  or,  in  the  alternative  em- 
bodiment of  FIG.  10,  $0000  0000  to  $3FFF  FFFF  and 
SFOOO  0000  to  SFOFF  FFFF).  NUBUS  bus  accesses  to 
the  processor  buses  can  be  prevented  by  asserting  the 
Buslock  signal  which  causes  all  NUBUS  bus  transac- 

40  tions  to  this  address  space  to  be  acknowledged  with  a 

"try  again  later"  response.  If  the  address  is  within  the 

Memory  2  space  and  Buslock  is  not  asserted,  then  state 

Bt  is  entered. 

At  sute  Bl,  the  CPU  1  releases  the  processor  buses 

45  by  issuing  a  BusGrant  which  responds  to  a  Bus  Request; 
the  Bus  Grant  is  acknowledged  by  the  NUBUS  bus 
device  by  a  BusGrant  Acknowledgement  in  the  next 
state,  Cl.  The  addresses  are  given  onto  the  processor 
address  buses  and  the  data  is  transferred  in  states  Dl  and 
El.  The  transaction  is  completed  in  Fl  when  the 
NUBUS  bus  ACK  signal  is  asserted  on  NUBUS  bus  10. 
In  the  alternative  embodiment  of  FIG.  10,  the 
NUBUS  bus  devices  access  the  RAM  of  memory  2  by 
presenting  addresses  in  the  range  $0000  0000  to  $3FFF 
FFFF.  NUBUS  bus  devices,  in  this  embodiment,  access 
a  portion  of  the  motherboard's  ROM  memory  space 
and  a  portion  of  the  motherboard's  I/O  memory  space 
(which  is  usually  physical  RAM  set  aside  for  I/O  use) 
indirectly  by  presenting  addresses  on  NUBUS  bus  10  in 

60  the  range  of  SFOOO  0000  to  SFOFF  FFFF  (slot  space 
$0).  In  this  embodiment,  adresses  on  NUBUS  bus  10  in 
the  range  $4000  0000  to  $5FFF  FFFF  do  not  access 
ROM  or  I/O,  but  addresses  on  the  CPU  1  buses  (e.g. 
bus  5)  in  that  range  do  access  the  complete  motherboard 

63  ROM  and  I/O  memory  space.  In  keeping  with  NUBUS 
bus  standards,  the  portion  of  ROM  of  the  motherboard 
(which  is  assigned  to  at  least  slot  $0)  which  is  accessible 
to  NUBUS  bus  is  placed  at  the  top  of  slot  space  SO.  The 


50 


55 
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particular  allocation  of  the  memory  in  slot  space  $0 
between  motherboard  ROM  and  motherboard  I/O  de- 
pends on  the  designers  needs.  In  one  preferred  embodi- 
ment, the  slot  space  $0  is  divided  in  half  such  that  an 
address  to  SFOM  0000  to  JFOFF  FFFF  on  >njBUS  bus 
10  produces  an  access  to  an  8  megabyte  region  of  the 
ROM  of  the  motherboard  (i.e.  ROM  of  the  memory  2). 
and  an  address  to  SFOOO  0000  to  SFOTF  FFFF  on 
NUBUS  bus  10  produces  an  access  to  an  3  MB  (mega- 
byte) region  of  the  I/O  memory  space.  The  particular  8 
MB  portions  of  ROM  and  I/O  memory  space  will  de- 
pend on  what  regions  of  memory  NUBUS  bus  devices 
will  need  or  want  to  use.  Olten,  the  entire  system  (moth- 
erboard) ROM  and  motherboard  I/O  Wiill  fit  into  the 
16  MB  region  of  slot  space  $0.  Well  known  decoders 
may  be  used  to  cause  the  decoding  from  the  >fUBUS 
bus  address  in  slot  space  $0  to  the  appropriate  ROM  and 
I/O  location. 

What  is  claimed: 

1.  A  computer  system  comprising  a  main  circuit  20 
board  including  a  central  processing  unit  and  slots  each 
with  means  for  receiving  a  printed  circuit  board  card, 
memory  coupled  to  said  central  processing  unit  (CPU) 
to  receive  addresses  of  memory  locations  from  said 
CPU  and  to  provide  data  to  said  CPU,  said  memory 
being  disposed  on  at  least  one  of  said  main  circuit  board 
and  said  card,  said  main  circuit  board  including  input- 
output  circuitry  coupled  to  said  memory  to  provide 
data  to  said  memory  and  coupled  to  said  CPU  to  receive 


24 


10 


15 


25 


SXOOO  0000  and  ending  at  location  SXFFF  FFFF,  said 
locations  being  in  hexadecimal  notation. 

2.  A  personal  computer  system  comprising  a  main 
circuit  board  including  a  central  processing  unit  (CPU) 
and  slots  each  with  means  for  receiving  a  printed  circuit 
board  card,  memory  coupled  to  said  CPU  to  receive 
addresses  of  memory  locations  from  said  CPU  and  to 
provide  data  to  said  CPU,  said  ,memory  being  disposed 
on  at  least  one  of  said  main  circuit  board  and  said  card, 
said  main  circuit  board  including  input/output  circuitry 
coupled  to  said  memory  to  provide  data  to  said  memory 
and  coupled  to  said  CPU  to  receive  control  signals  from 
said  CPU,  said  main  circuit  board  having  less  than  16 
slots,  said  main  circuit  board  including  a  32-bit  address 
bus  being  coupled  to  said  CPU  and  said  memory  to 
address  said  memory,  said  CPU  having  an  address  gen- 
eration means  for  generation  2^2  different  addresses  for 
addressing  said  memory  over  said  32-bit  address  bus, 
said  2^2  different  addresses  defining  a  memory  address 
space  ranging  from  location  SOOOO  0000  to  location 
SFFFF  M-hh,  said  locations  being  in  hexadecimal  no- 
tation, each  of  said  slots  having  a  distinct  number  in  said 
system  and  being  coupled  to  said  32-bit  address  bus  to 
receive  addresses  for  memory  disposed  on  said  card  in 
said  slot,  each  of  said  slots  being  coupled  to  distinct 
identification  line  means  on  said  main  circuit  board, 
each  of  said  distinct  identification  line  means  providing 
a  distinct,  unchanging  signal  to  the  slot  to  which  said 


control  signals  from  said  CPU,  said  main  circuit  board  30  ^|*^ct  identification  line  means  is  coupled,  each  of  said 

having  less  than  16  slots,  said  main  circuit  board  includ-  distinct  signals  providing  the  distinct  number  of  the  slot 

ing  a  32  bit  address  bus  being  coupled  to  said  CPU  and  which  receives  said  distinct  signal,  wherein  said  com- 

to  said  memory  to  address  said  memory,  said  CPU  in-  puter  system  has  256  megabytes  of  memory  space  rang- 

cluding  an  address  generation  means  for  generating  2^2  ing  from  location  SXOOO  0000  to  location  SXFFF  FFFF 

different  addresses  ranging  from  location  SOOOO  0000  to  35  ^^^  ^  reserved  for  memory  on  a  card  in  a  slot  having  a 

location  SFFFF  FFFF,  said  location  being  in  hexadeci-  distinct  number  equal  to  $X,  where  $X  is  any  integer 

mal  notation,  each  of  said  slots  having  a  distinct  number  ^"5™  ^^  to  5E. 

in  said  system  and  being  coupled  to  said  bus  for  address-  ^-  ^  personal  computer  system  as  in  claim  2  wherein 

ing  said  memory,  each  of  said  slots  being  coupled  to  5X  is  any  integer  from  S9  to  SE  and  wherein  said  main 

distinct  identification  line  means  on  said  main  circuit  40  circuit  board  has  6  slots. 

board,  each  of  said  distinct  identification  line  means  *-  A  personal  computer  system  as  in  claim  3  wherein 

providing  a  distinct,  unchanging  signal  to  the  slot  to  said  distinct  identification  line  means  comprises  four 

which  said  distinct  identification  line  means  is  coupled,  lines  each  carrying  binary  values  and  wherein  said  32- 

said  distinct  signal  for  a  particuUr  slot  identifying  the  bit  address  bus  further  includes  control  signals  and  is 

distinct  number  of  said  particular  slot,  where  said  dis-  45  substantially  a  NUBUS  bus. 


tmct  number  of  a  particular  slot  is  (ID),  said  distinct 
number  resrving  256  megabytes  of  memory  space  for 
each  of  said  slots  such  that  said  256  megabyte  memory 
space  beings  at  location  S(ID)00Q  0000  and  ends  at  loca- 
tion $(ID)FFF  FFFF,  whereby  any  card  in  slot  X  wiU 
have  memory  space  reserved  beginning  at  location 


50 


5.  A  personal  computer  system  as  in  claim  4  wherein 
said  computer  system  further  has  16  megabytes  of  mem- 
ory space  ranging  firom  SFXOO  0000  to  SFXFF  FFFF 
that  is  reserved  for  memory  on  a  card  in  a  slot  having  a 
distinct  number  equal  to  SX. 
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ABSTRACT 


A  hiertrchical  filing  %rMm  providei  a  cataloging  of 
data  ttored  in  various  locttioni  within  a  memory  de- 
vice. An  updde-down  tree  type  structure  providet  a 
downwardly  expanding  cataloging  structure  wherein 
directories  provide  for  Anther  braachingt.  A  branching 
flrom  a  directory  ii  termhiated  when  a  file  is  reached. 
Each  directory  it  fft^g***^  a  unique  direcvory  identifier 
value.  Then,  each  file  or  directory  is  coupled  with  the 
directory  Identifier  value  of  its  parent  to  provide  the 
interconnection  neceaiary  to  form  the  cataloging  struc- 
ture. The  complete  cataloging  structure  is  organiied  In 
the  leaf  nodes  of  a  B-Tree  structure  and  distributed  in  an 
ascending  order  of  the  key  values  to  provide  a  system- 
atic search  for  a  given  key.  Each  file  is  capable  of  stor- 
ing a  predetermined  number  of  location  description 
informatioa  when  data  la  segmented  into  non-oontigu- 
ous  segments  in  memory.  A  file  extents  record  is  used  to 
maintain  record  of  the  ftirther  segmentation.  Hie  loca- 
tiott  ittfotmacion  is  kept  In  the  fimn  of  file  extents  de- 
scriptors in  the  leaf  nodes  of  the  separate  FUe  Extents 
B-Tree.  This  extents  informatioii  is  sorted  in  an  ascend- 
ing order  baaed  on  a  key  comprised  of  a  unique  file 
number  of  a  fl]e  rehidve  starting  block  location  of  the 
file  extent 
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which  are  used  to  identify  and  catalog  various  fUes  in 

HIERARCHICAL  FILE  SYSTEM  TO  PROVIDE  the  cataloging  systeni,  are  also  used  to  orgtaixe  the 

CATALOGING  AND  RETRIEVAL  OF  DATA  catalog  in  the  IcaT  nodes  of  the  B-Tree.  The  keys  are 

placed  in  an  ascending  order  for  systenutic  access. 

This  is  a  continuation  of  application  Ser.  Na  924.802  5   Further,  the  B-Tree  grows  by  using  left  routes  and  left 

nied  Oct  30.  1986  now  abandoned.  splits  with  insertion  of  catalog  information  about  new 

files  from  the  right  to  maintain  a  babnced  tree. 

BACKGROUND  OF  THE  INVENTION  y^y^  ,  jUg.,  jj^t^  j,  jtored,  additions,  deletions  and 

1,  Field  of  the  Invention  modifications  wUl  typioOly  result  in  non-contiguous 

The  present  invention  relates  to  the  method  of  storing  10  physical  storage  of  the  data  in  the  memory  device.  Each 

and  retrieving  daU  using  a  computer,  and  more  specifi-       of  the  contiguous  segment*  of  the  file  ts  known  as  a  file 

cully  to  a  liierarchicai  flUng  system.  extent  A  record  of  the  physical  location  of  the  exicntt 

2  Prior  Art  for  i  particular  file  it  maintained  in  one  or  more  extenu 

In  a  u>mpula  system,  Infortnation  U  typicaUy  stored       records.  The  hierarchical  filing  syst«n  uses  a  fUe  extents 

u  signals  on  various  storage  mediums,  such  u  magnetic  15  list  to  maintain  the  extents  reoorda  of  the  various  fUes  on 

upes,  disks,  semiconductor  devices,  etc.  As  storage       the  memory  devk». 

densities  Increased  with  advances  in  storage  device  The  present  invention  maintains  the  first  extents  re- 

technology,  it  becsjie  possible  for  a  device  to  store       cord  of  a  file  in  the  cataloging  structure,  but  any  ftirther 
much  more  iiifonnatioa  than  previously.  extents  records  are  maintained  in  a  separate  file  extcntt 

When  infbnnatkm  is  stored  on  a  device,  it  is  cata- M  lislTliis  file  extents  list  is  also  implemented  in  a  second 
loged  so  that  the  same  informatioa  is  later  retrieved       B-Tree  structure. 

when  desired.  NormaUy,  a  unique  «>de  name  is  attrib-  gj^j^p  DESCRIPTION  OF  THE  DRAWINGS 

uted  to  a  particular  body  of  data  to  differentiate  it  from  ""^^^  wco^-i^ 

others.  To  retrieve  a  desired  body  of  data,  an  appropri-  HO.  1  U  a  representation  of  a  prior  art  flat  filing 

ate  code  name  assocUted  with  that  dau  is  used,  wherein  25  system. 

the  device  searches  ft>r  that  code  name  and  retrieves  the  FIO.  2  is  a  representation  of  a  hierarchical  filing 

desired  data  when  that  code  name  is  found.  system  of  the  present  invention. 

It  is  well-known  in  the  prior  art  that  each  separate  FIO.  3  is  a  representation  of  a  B-Tree  structure  of  the 

body  of  data  is  termed  a  file  and  the  cataloginc  of  these       present  invention.  »        ^    , 

files  oa  a  device  is  temed  filing.  TVi^caUy,  code  names  30      nO.  4  Is  S  reprasentatkm  of  contents  of  a  node  for 
asaociated  with  partkndar  data  contain  pointers  which       the  B-Tree  stnioture  of  FIG.  3.  ,  «. 

point  to  areas  in  memory  reserved  for  mass  storage,  TTie  FIO.  5  is  a  representation  of  a  left-s|mt  anda  left- 

various  code  Mtn**  and  their  pointers  comprise  the       rotate  operation  of  a  B-Tree  structure  of  the  preferred 
cataloging  system.  When  high-density  storage  devices       embodiment  .         .  ^  , 

are  used,  millkMs  of  bits  of  information  are  capable  of  3S      FIO.  tfia  a  representation  ofa  cataloging  structure  of 
being  stored  on  such  a  devtec,  which  permits  hundreds,       the  preferred  embodiment  sad  an  organixatjon  of  tije 
thousands,  and  even  millions  of  files  to  be  created.  To       cataloging  structure  in  various  nodes  of  a  B-Tree. 
search  through  Uiese  files  in  a  serial  fashion  to  look  for  FIG.  7  is  a  representation  of  a  volume  aUocation 

a  specific  file  is  time-consuming.  mapping  in  a  filing  system  of  the  preferred  embodunent 

It  is  appreciated  that  what  is  needed  is  a  filing  system  40  FIO.  8  is  a  repteseatatioa  of  a  file  extents  list  of  the 
for  a  high-density  storage  medium  which  rapidly  preferred  embodiment  and  showing  various  file  extentt 
learchea  and  retrieves  Uie  desired  file  stored.  Further,       in  menaory.  ,       ^     .       ,.    «, 

with  the  advent  of  tiie  personal  computer  (PC)  and  the  FIO.  9  is  a  representation  showing  the  file  extents 

smaU  business  computer,  where  physicsl  site  is  a  con-       orgsnization  hi  Uie  Catalog  and  Extenu  B-Trees  of  the 
cem,  it  is  desirable  to  have  a  fUlng  system  which  may  be  4S  preferred  embodiment 
implemented  in  a  lesser  line  of  program,  yet  be  effcc-  DETAILED  DESCRIPTION  OF  THE 

tual.  PREFERRED  EMBODIMENTS 

SUMMARY  jlie  present  Invention  describes  a  method  of  storing 

A  mctiwd  for  providing  a  hierarchical  fiUng  system  is  50  and  retrieving  information  using  a  hierarchical  filbg 
described.  The  hierarchical  fiUng  system  provkles  a  system.  In  the  foUowhig  deacriptioo,  numerous  specific 
catalog  of  the  dau  stored  in  various  locations  within  a  detaita  are  set  forth  in  order  to  provkta  a  thofou^ 
memory  device.  Typically,  one  cataloging  structure  is  underatandhig  of  the  present  invention.  It  wiU  be  obvi- 
used  to  organize  a  volume  of  memory.  ous,  however,  to  one  skiUed  in  the  art  that  the  jwesent 

The  cataloging  structure  of  the  hiearchical  filing  55  invention  may  be  pr«rticed  without  these  specific  de- 
system  is  provided  by  an  upside^lown  tree  type  stnic-       tails.  In  other  hmances.  weU-known  methods  have  twt 
tire  wherein  there  is  a  starting  directory  which  oper-       been  described  in  detaU  in  order  not  to  unnecesianly 
stes  as  a  root  directory.  Other  directories  and  files  ema-       obscure  the  present  invention. 
nste  as  off-spring.  A  plurality  of  descendant  levels  Referring  to  HO.  1,  a  prior  art  flat  filmg  s^tem  10  is 

branch  downward  to  provide  tiie  hierarchical  structure  60  shown  having  a  directory  11  and  files  U-15.  For  case  of 
of  the  catalog.  The  cataloging  structure  contains  the  understanding,  a  directory  is  shown  pictonally  as  a 
location  information  of  where  the  actual  dau  is  stored.  folder  and  a  file  is  shown  as  a  sheet  of  paper  with  a 
The  file  cataloging  system  U  implemented  using  a  folded  comer.  The  pictorial  representation  applies  well 
B-Trcc.  The  cataloging  information  is  kept  in  the  leaf  to  an  analogy  of  placing  papers  mto  folders  (files  mto 
nodes  of  the  B-Trec.  The  non-leaf  nodes  (index  nodes)  65  directories).  In  the  prior  an  system  10,  there  is  present 
of  the  B-Tree  contain  information  that  aUows  searching  a  single  directory  11,  which  contmns  locator  informa- 
for  particular  catalog  information  by  using  the  code  tion  for  files  12-15.  Each  of  the  files  U-15  contain  dau 
namror  key  of  the  corresponding  file.  Key  values,       which  would  be  associated  witii  a  specific  body  of 
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stored  infonnation.  In  this  ptrticuUr  example  of  a  prior 
tit  system  10,  to  accesj  file  IS,  a  serial  search  is  made 
through  directory  11,  until  the  file  address  of  (tie  15  is 
located,  such  sequential  search  resulting  in  considerable 
lapse  of  time  when  substantial  numbers  of  files  exbC  in 
the  directory  11.  Although  in  this  hypothetical  exam- 
ple, directory  11  maintains  pointer  addresses  to  four 
files  U-15.  directory  11  will  continue  to  store  addresses 
of  subsequent  files  in  a  sequential  fashion. 

FIO.  2  illustrates  the  architecture  of  the  Hierarchical 
FUing  System  (HFS)  of  the  present  invention.  This 
tiATticular  HFS  16  aicludejt  a  root  directory  17  and  files 
21-24.  The  HFS  16  also  includes  directories  lS-20. 
Efich  direcioi-y  is  capable  of  containing  files,  as  well  as 
other  directories  such  aa  directory  18  containing  direc- 
tory 20.  Each  directory  la  a  branching  node,  allowing 
for  none  or  a  plurality  of  sub-branching  nodes.  Each 
directory  contains  information  which  permits  the 
branching  to  occur.  The  actual  data  is  stored  in  the  files 


10 


15 


Stored  only  in  leaf  nodes  3$-3«.  The  internal  nodes 
32--34,  also  known  as  index  nodes,  coatain  pointers  to 
other  nodes  scch  that  Aese  index  nodes  32-34  provide 
an  index  for  accessing  the  daU  records  stored  in  the  leaf 
nodes  35-38.  Each  record  39  includes  a  Icey  40  and  an 
information  segment  41.  Within  each  node,  the  records 
are  maintained  so  that  their  keys  are  in  ascending  order. 
The  example  B-Tree  31  of  HO.  3  contains  hypothetical 
keys  which  have  been  inserted  to  show  the  structure  of 
the  tree,  and  the  relationship  between  index  nodes 
32-34  and  leaf  nodes  3S-38.  Leaf  node  35  contahis  key 
values  4tt  and  50.  The  first  key  of  a  node  is  also  repre- 
sented as  a  key  in  its  ascending  node.  Therefore  key  48. 
which  is  the  first  key  of  leaf  node  35,  is  also  represented 
u  a  key  within  index  node  33.  Key  53,  whk:h  is  the  first 

key  of  leaf  node  U,  is  represented  u  the  second  key  of 
index  node  33.  Also,  because  key  48  is  the  first  key 
within  index  node  33,  it  is  again  represented  as  a  key 
within  index  node  32.  Hiia  pattern  is  repeated  for  each 
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SSoriT  17-20  nuinttin  bnnching  Wormtion.  per  node.  »  wdl  -  ^y  """"^^^  ™  3  ^f 
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lXatadeaired.Aaeaichofdl«ctoryl7revetltthat       '«»'?  ^  proWded.  The  Ra«h  be^^ 
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re^SftTLctoty  ^^directory^^^^^  30  wi«^  ^^  2±J^1«^'^^  f  Jffi  JS! 


the  other  path  leMls  to  directory  19.  The  desirable  path 
is  to  directory  18,  at  whieh  pdnt  there  are  again  two 
paths.  The  desirable  path  from  directory  18  leads  di- 
rectiy  to  file  23.  Although  this  example  is  simplistic 
because  of  the  miniscule  number  of  files  shown,  one  can 
appreciate  the  file  search  tioM  saved  when  a  substan- 
tially large  number  of  files  are  present 
Further,  as  an  example,  if  file  22  had  been  chosen,  the 
"  path  from  directory  18  would  have  led  to  directory  20, 


that  is  not  higher  than  the  seaich  key  la  reached.  As- 
sume in  the  hypothetioal  example  of  FIO.  3,  that  data 
with  key  89  is  to  be  tdected.  The  search  oommencea  at 
the  root  node  32,  wherein  key  S«  is  selected  because  the 
33  value  5<  is  the  highest  key  that  is  not  greater  than  the 
search  key  itself.  Ilie  pointer  of  key  38  selects  index 
node  34,  wherein  the  search  continues  within  index 
node  34.  Again,  key  86  is  chosen  because  it  is  the  high- 
est key  that  is  not  greater  than  the  search  key  itself  (the 


path  from  directory  la  wouia  nave  ica  lo  uuw-iwi  j  *w,       w»  ~./  «-• -—r-  \w- -^-^i.  ir.»\  ti«  nninf#^ 
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SO 


of  key  5<  in  index  node  34  selects  leaf  node  37.  Within 
leaf  node  37,  another  search  is  made  to  identify  search 
key  39.  When  search  key  59  is  found,  its  associated 
information  (data)  is  used. 

A  particular  pointer  in  an  index  record  leads  to  an- 
other node  one  levd  down  in  the  B-Tree  3t  For  exam- 
ple, node  32  to  node  34.  The  process  continues  until  a 
leaf  node  is  reached  whereupon  its  records  are  exam- 
ined until  the  desired  key  is  found.  If  the  desired  key  is 
not  present,  then  die  search  stops  when  a  key  larger 
than  the  aearch  key  is  rcMbed  or  when  aU  the  records  in 
the  leaf  node  have  been  examinad.  The  key  values  may 
be  numeric  alphabetical  or  atphanumeric 

Referring  to  FIG.  4,  it  shows  the  structure  of  any  of 
the  nodes  of  a  B-Tree  of  the  present  hivention.  Each 
node  42  includes  a  node  descriptor  segment  43,  records 
segment  44«  record  ofhet  segment  44,  and  can  have  a 
fVee  space  segment  45.  Each  node  43  begins  with  a  node 
descriptor  segment  43.  NDNRECS  58  contains  the 


desirable  path  to  file  22  from  directory  20  then  would 
have  been  chosen.  HFS  16,  although  shown  in  a  partic- 
ular form  in  FIO.  2.  may  have  any  number  of  levels 
(branchings)  down  from  the  root  directory  17  as  well  as 
any  number  of  branches  from  a  particuUr  directory.  4S 
However,  it  is  to  be  noted  that  aU  dau  is  stored  in  the 
represented  files  21-24  which  are  all  located  at  Uie 
termination  nodes  of  HFS  16. 

In  actuaUty,  the  cataloging  architecture  of  the  pre- 
ferred embodiment  contains  cataloging  locator  descrip- 
tion information  in  the  HFS  16  stiw:ture.  The  catalog 
entries  for  files  21-34  contain  pointers  which  provide 
locator  descriptions  to  locate  phbccs  in  storage  area 
where  actual  stored  daU  is  kept 

B-TREE 

The  HFS  of  the  present  invention  is  implemented 
using  two  B-Tree  structures  in  the  preferred  embodi- 
ment the  Catalog  B-Tree  and  the  File  Extents  B-Tree.         w^ ^..,.    „,_-—    —   --  I.  MTfcXVPP^A 

A  B-Tree  stnicttSe  is  well-known  in  the  prior  art  and  U  60  number  of  records  currentiy  in  Uie  «<'^e.  ^^Ty PE  M 

d^nbSin  ThtArto/CompuurProgrammingVolyMne  indicates  thfc  type  of  node,  etUier  leaf  or  mdex  node. 

3^rt^a  and  sSi^^^        Doild  E.  Knuth;  at  NDHEIGHT  57  indicates  the  height  of  the  node  in  the 

U^n  6%%^^^             Trees";  pp  471-479  xr^.  wherein  leaf  nodes  «,^^J;«^                 f  */ 

^Q75^  The  nodes  of  a  B-Tree  contain  records,  wherein  index  nodes  just  above  them  are  at  «vel  X  etc. 

i^h^re^rt^^^^^^  «  ^°^^^"*^'^i7'S''J^Tl!e*"^;S 

^Inten  or  data,  and  a  key  associated  witii  that  record.        nodes  m  a  way  of  quickly  "?<>v«8  through  the  reconh 

Refi^  toFIO  3,  a  hypothetical  B-Tree  is  iUus-       of  the  various  nodes  at  a  given  level.  For  «ch  node, 

trat^TS^  ftinire  of  S?B.Tree  31  is  that  dau  U       NDBLINK  52  contains  a  pointer  to  the  previous  node, 
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and  NOFLINK  51  contains  a  pointer  to  the  subsequent 
node  at  the  same  level.  In  FIO.  3.  NDBLINK  for  node 
36  would  point  to  node  35  and  NDFLINK  for  node  36 
would  point  to  node  37.  Therefore,  NDBLINK  53  and 
NDFLINK  51  are  means  of  locating  a4JaceAt  nodes  S 
without  flnt  reversing  back  up  the  B-Tree. 

The  records  segment  44  contains  the  B*Tree*s  re* 
cords,  each  with  its  key  and  pointer  or  dau  information. 
In  this  particular  example,  there  are  two  records  60  and 
61.  The  records  in  a  node  can  be  of  variable  length.  For  10 
this  reason,  cHaets  to  ihc  begi'ining  of  each  record  are 
needed.  The  records  segment  begins  immediately  fol- 
lowing the  node  descriptor  segment  43.  The  records  are 
followed  by  a  free  space  Mgment  45,  which  is  baucally 
the  unuaed  sptce  of  the  node.  Therefore.  fVee  space  IS 
segment  may  not  exiit  In  idne  instuicet.  The  record 
ofltot  Mgment  46  at  the  end  of  the  node  contains  the 
offset  information  for  records  60  and  61.  OfGKt  6S  con* 

tains  offtet  Information  for  record  60  and  offtet  67  con-  .      ^,  .•^. 

tains  ofTiet  Information  for  record  61.  Orriwt  66  containi  20  identifier  known  u  the  directory  idertiAer  (DirlD) 


dau  lefhvard  and  inserting  new  daU  at  the  right  ex- 
tremitiea  helps  keep  the  B-tree  balanced.  Because  the 
HFS  of  the  present  invention  is  structured  to  have  the 
ascending  nodes  organized  in  a  rightward  direction,  the 
balancing  is  maintained  even  though  the  routes  and 
splits  are  made  toward  the  left  direction.  It  is  appreci- 
ated that  right  splits  and  route  operations,  or  balanced 
insertions  using  both  right  and  left  operadons  can  be 
used  as  well.  Although  the  preferred  embodiment  uses 
and  attemptt  to  maintain  a  balanced  B-Tree  for  search 
efficiency,  most  any  B-Tree  structure  can  be  used,  in- 
cluding unbalanced  B-Tree. 

CATALOG  TREE 

Referring  to  FIO.  6,  a  hypothetical  catalog  90  is  used 
to  illustrate  the  implemenUtion  of  cataloging  of  the 
preferred  embodiment  The  structure  90  has  a  root  di- 
rectory 91  named  "Volume".  Each  directory  of  the 
preferred  embodiment  is  assigned  a  unique  numerical 


the  ofhet  necessary  to  determine  ftee  space  61  Thus  the 
record  segment  44  builds  downward  into  the  ftee  space 
segment  45,  while  the  record  offtet  segment  46  builds 
upward  into  the  f^ee  space  segment  45  from  the  oppo- 
site end. 

If  node  42  is  an  index  node,  then  each  record  60  and 
61  is  comprised  of  a  key  and  pointer  information.  Fur- 
ther. NDFLINK  51  and  NDBLINK  83  would  contain 
acUacent  index  node  linking  pointers.  If  node  43  is  a  leaf 


The  root  directory  of  catalog  90  hu  DlrlD  value  of  2. 
Root  directory  91  has  three  branches  comprised  of 
directory  93  and  files  93  and  94.  Directory  92  has  a 
name  of  "Folder**  and  a  DirlD  value  of  29.  In  turn, 
23  directory  92  hu  two  branches  comprised  of  files  95  and 
96.  FUes  93-96  are  named  -A^  -B".  "C*  and  "D", 
respectively  in  this  example.  The  architecture  of  the 
directories  and  files  follows  the  HFS  structure  u  previ- 
ously explained  in  FIO.  X  The  complete  cataloging 


node,  then  each  ncoid  60  and  61  is  comprised  of  a  key  30  structure  90  is  stored  as  dau  records  in  various  leaf 


35 


40 


and  dau  informatiM.  NDFUNK  51  and  NDBLINK 
52  would  also  contain  leaf  node  linking  pointers.  It  is 
also  appreciated  that  although  a  particular  format  is 
illustrated  for  node  42,  the  format  may  be  modified 
readily  to  include  other  types  of  informadon.  Also,  in 
the  preferred  embodiment  daU  information  in  the  leaf 
nodes  of  the  HFS  catalog  B-Tree  is  used  to  address 
locations  in  memory  where  the  actual  daU  is  stored. 

Referring  to  FIO.  5,  a  specialixed  B-Tree  expansion 
architecture  as  implemented  in  the  preferred  embodi- 
ment is  shown.  A  node  70.  which  is  equivalent  to  node 
43  of  FIO.  4,  is  shown  having  pointers  to  two  lower- 
level  nodes  71  and  73,  which  nuy  be  index  or  leaf 
nodes.  Although  only  two  nodes  71  and  73  are  shown  at 
the  lower  level,  any  number  of  nodes  may  reside  at  this  43 
lower  level.  Abo  in  this  particular  hypothetical  exam- 
ple, nodes  71  and  73  are  only  partially  filled. 

For  a  B-tree  to  maintain  iu  balance,  records  must  be 
kept  uniformly  spaced  within  the  hierarchical  structure. 
An  unbalanced  tree  will  result  when  records  are  not 
maintained  uniformly  in  each  node  or  nodes  are  heavily 
stacked  toward  one  branch  of  the  B-Tree.  The  pre- 
ferred embodiment  uses  a  technique  of  left  rotate  and 
left  splits  to  provide  movement  of  records  ftom  one 
node  to  another  to  maintain  a  balanced  Tree.  When 
records  are  to  be  transferred  to  another  node,  the  left 
route  operation  is  used.  In  this  instance,  records  in  node 
73  are  left  routed  to  its  left  acescent  node  71,  as  shown 
by  arrow  77 


30 


55 


nodes  of  the  B-Tree  of  FIOS.  3  and  4  known  as  the 
catalog  B-ltee.  It  ia  appreciated  that  the  cataloging 
stnietuie  90,  although  a  tree,  is  in  itself  not  a  B-Tree. 
The  form  of  structure  90  is  actually  stored  hi  the  various 
leaf  nodes  of  a  B-Tree.  It  is  to  be  appreciated  that  the 
cataloging  strticttire  90  not  be  conftued  with  the  previ- 
ous description  of  the  B-Tree.  Catalog  90  and  the  B- 
Tree  structure  are  two  separate  and  distinct  structures. 
The  hierarohtoal  structure  of  the  catalog  90  is  hnple- 
mented  as  a  B-Tree  structure  and  stored  as  dau  records 
in  leaf  nodes  of  a  B-Tree  simUar  to  that  of  FIOS.  3  and 
4. 

The  hierarchical  catalog  structure  90  is  stored  in  a 
storage  device  as  shown  by  a  memory  map  97  of  FIO. 
6.  Cataloging  map  97  is  comprised  of  three  possible 
types  of  records:  directory  records  100,  file  records  101, 
and  thread  records  102.  Each  record  100-102  is  com- 
prised of  a  key  103  and  informatioci  segment  104,  as 
earlier  described  in  the  deacriptiOQ  of  a  leaf  node  of  a 
B-Tree.  The  key  103  of  each  record  is  comprised  of  a 
value  105  and  a  name  106..The  key  103  of  a  directory 
recortl,  such  as  that  of  91 'and  92.  is  comprised  of  its 
directory  name  106  and  iu  parent  directory's  DirlD 
value  103.  A  informatioo  segment  104  of  each  directory 
record,  such  as  that  of  directories  91  and  92  is  com- 
prised of  the  directory's  DirlD  value  107.  For  directory 
92.  the  directory's  DirlD  has  been  given  the  value  of  29, 
and  has  a  name  of  "Folder".  The  parent  DirlD  of  re- 
cord 92  has  been  given  the  value  2  because  directory  92 


If  another  node  is  needed,  such  as  when  records  in  60  is  an  offepring  of  directory  91  in  the  structure  90.  Direc- 

node  73  must  be  rotated  and  node  71  cannot  accommo-  tory  record  91  has  a  directory  DirlD  value  of  2.  with  a 

date  records  from  node  73,  a  left  split  operation  is  used  corresponding  name  of  "Volume".  Because  directory 

10  insert  node  72  to  the  left  of  node  73,  between  nodes  91  is  a  root  directory,  the  parent  DirlD  value  has  been 

71  and  73.  In  this  instance,  node  72  is  inserted  to  link  given  the  value  of  I.  wherein  the  value  I  refen  to  the 

node  71  and  node  73,  u  shown  by  arrows  78.  When  63  foundation  of  the  filing  system  itself, 
node  72  is  inserted,  appropriate  pointer  links  will  be  A  file  record,  such  as  file  records  9^96,  is  also  com- 

esublished  with  its  index  node  70  u  well  as  adjacent  prised  of  a  key  113  and  an  information  segment  114, 

link  pointers  for  nodes  71  and  73.  ContinuaUy  moving  wherein  key  113  is  also  comprised  of  a  parent  DirlD 
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value  and  a  name.  However,  in  the  information  segment  about  the  physical  location  of  the  dau  contained  in  the 

114,  the  descriptive  location  information  for  the  actual  desired  51e.                 ,  ..      .            „    ^«   ^r  ,k.  nu 

stor»l  flle  data  is  maintained  aa  v^>ell  «  *  unique  file  U  wUl  be  apprecUtH  that  the  »P«C|fication  ofthe  file 

number.  Tht  Information  segments  U4  of  file  records  of  the  above  example  could  start  with  the  D^ID  va^ 

M-W  contain  the  descriptive  location  of  the  actual   5  ofany  directory  on  the  path  from  the  root  to  the  dwtrea 

stored  dau  information.  file,  and  would  then  consist  of  thb  DirlD  value  and  the 

FUe  record  94,  having  a  file  name  of  B.  and  file  record  sequence  of  names  of  the  directories  on  the  balanceof 

W,  having  a  file  name  A,  both  have  a  parent  DirlD  the  path  from  that  directory  to  the  desired  file.  The 

value  of  2.  The  parent  DlrlD  value  of  2  signifies  that  search  mechanism  followed  is  an  obvious  variant  of  the 

files  A  and  B  are  direct  offsprings  of  directory  "Vol-  10  one  indicated  above. 

ume"  having  a  DlrlD  value  of  2.  FUe  95,  having  a  name  Although  cataloging  structure  90  is  a  simplified  struc- 

C,  and  file  96,  having  a  r-ime  D.  have  pai-enl  Dirm  ture  and  FIG.  6  only  shou-s  the  presence  of  a  smgle 

vaiucs  of  29,  which  reflect  tiie  origination  of  files  C  and  structure  having  a  single  root  directory  91,  a  cataloging 

D  as  offtpringsoff^irectory  29  labeled  "Folder*',  having  structure  may  be  enlarged  raanyfold.  The  preferred 

a  DlrlD  value  of29.  Therefore,  by  looking  at  any  file  or  15  embodiment  uses  one  HPS  cataloging  structure  per 

a  directory  record's  key  103,  the  stored  information  memory  device,  such  aa  a  dbk.  However,  such  a  disk 

provides  the  identification  of  the  name  of  that  particular  ^an  be  partitioned  and  an  HFS  catalog  assigned  to  each 

record  u  weU  at  the  D'tID  value  of  the  parent  node.  ,uch  partition. 

To  provide  the  interconnection  of  the  different  i^  oataloft  records  of  stnsoture  97  of  FXO.  6  are 

branches,  a  thread  record  102  is  provided  for  each  di-  20  ,toredaa  the  data  records  in  the  leaf  nodca  43  of  FIO.  4 

rectory.  The  key  of  a  thread  record  contains  a  DirlD  ^f  ^  Catalog  B-Tree.  Theae  reoorda  are  inserted  and 

value  and  a  nuU-name,  which  is  equivalent  to  having  no  maintained  in  the  catalog  B-Tree  in  ascending  alphanu- 

name  at  aU.  In  the  example  of  HO.  6,  thread  record  108  ^^^^  ^^^  i^^  if  the  leaf  nodes  of  the  B-Tree  are 

provides    the    connection    between    the    directory  tnvened  f^om  left  to  rii^t.  the  data  records  will  be 

"Folder"  and  files  C  and  D.  In  the  key  Ul  of  thread  23  ^n^^untcre^j  in  the  order  shown  in  structure  97  of  FIO. 

record  100.  only  the  directory  DirlD  value  of  '*Folder"  ^  j^  ^^^j^  malntaina  the  records  in  ascending  order 

is  given.  In  the  information  segment  112  of  thread  re-  ^^^  ^    ^<^  DirlD  value  part  of  the  key.  Then,  among 

cord  108.  the  DlrlD  of  "FoWer"'8  parent  and  the  direc-  records  with  the  same  DirlD  value  in  their  keys,  the 

tory's  name  "FoWer"  are  given.  Therefore.  whraHteC.  ^^er  is  alphabetical  on  the  name  part  of  the  key. 

having  a  oarent  DirlD  39  attempta  to  link  to  its  immedi-  30  i^iiabo'umreoiated  that  other  pertinent  Inferauukm 

ate  parent  directory  92.  whkh  has  a  DWD  of  39,  the  ,^  rtonSln  the  varkwa  iwsords  besides  what  has 

thread  record  lOt  provides  the  name  ^o!d«)  of  the  ^  disclosed  In  FIO.  6.  For  example,  directory  and 

parent  directory  93,  as  wcU  as  the  parent  DirlD  value  of  fliej^ooidsbfthe  present  invention  maintaia  flags,  date 

directory  93,  which  is  equal  to  2,  andtimeofcft«ionofthedir«Jtoiyorthefile,ai  weU 

Equlvalentiy  thread  record  109  provides  Uw  name  33  !?^,^^  ^  t^.  of  last  modillcation.  A^ 

(Volume)  of  directory  91  u  weU  as »»!»««« directory  »                  such  items  as  flags  for  locking  the  file, 

DirlD  value  for  the  three  offkprings  93-94  of  directory  ^^^j^  set  logical  and  physlcel  end  of  files,  and  size  of 

91.  By  having  directory  recorda  91-9X  file  records  X"  wL 

.93-96,  along  with  thread  records  108-109  for  each  di-  ™  "*«• 

.rectory,  the  cataloging  structure  90  ia  interconnected  40  pn^  EXTENTS  TREE 

into  a  HFS,  whertin  the  descriptive  Jocatiwj  tafonnj-  ^^    ^^  ^  ^^.     B-Tree's  file  record  of 

tion  for  the  actual  stored  data  itj^ored  to  fUe  records  ^^^^l^,^ 

91-92  aa  shown  in  the  structure  97  of  FIO.  6.  r„%hrm«i^^rfcc  where  the  file's  data  is  stored. 

By  implementing  the  -^y^^^^-^^^^:,  ,,  ^l^^J^^  ^iSSc^Si  S^^T^uentiaUy 

B-Tree  smw^ure.  ^Jj^^f^P^^^^  imK^Uection  of  blocks.  A  series  of  contiguous 

structure90UeasUystoredin  the  leaf  nockaofa  B-Tree  I^j«»  laocks  ia  called  an  extent  IdeaUy,  ^ 

ortijeeariierdescription.Forexample.whenftleCisto  ?^^^2a^7^^^Z^ 

be  accessed  by  a  computer,  the  system  wiU  impteniwt  a  ^.^^^/J?^^ 

B-Tree  search.  Referring  to  tte  caUlog  «J«P^e  90  of  g^S^^J^T^ 

FIO.  «.wh«  fife  wUhn^^  SStSS^fileswem;^ 

pathmustbespedfiedforthksouclL^^^^  S2^ Sl^SduTof  the  memory.  Except  in  the 

in  terms  of  a  sequence  of  the  names  of  aUdirectoriea  on  *~  rrL^I^ii^       «.  — ^i  m-.  the  contentt  of  a 

S;  r^rJ^^^'iiy'  "^^^^Z^^XJ^^^^       ^„t  descriptors'^  .h.  vsriou.  e«en«  conuining  .h. 
•     .        i    ,trJI.,„i,  !k"  n.Tr«.  for  the  ficord  with  key       niied  also  as  a  B-Tree,  known  u  the  FUe  Extents  B- 

wh.^  mfomution  segment  provide,  this  directory;.       vnou,  ««*»«^«  ~'»^'l™^„^!^»Jl,"^ 
DirlD  value  of  29.  Thus  no«^  a  search  of  the  B-Tree  is  65  any  memory  ^location  syrtetn  ^«f  ^  *« J^l  "^ 
m^to  find  the  data  record  with  key  <29>C.  Tto       tents reconl «  ««  P'?^!;^"^  "J^eT  «. 
Unmediately  le«Js  the  se«ch  to  the  Hie  record  95.       allocaoon  sysWnU  *?f*J^«?S^"»  *«  "«  "' 
whose  information  segment  contains  the  information       tents  record  of  the  preferred  embodiment 
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Referring  to  FIO.  7.  a  memory  volume  120  which  is  first  on  the  fUe  number  field  and  then  on  the  file  relative 
a  portion  of  a  memory  device,  such  as  a  hard  disk,  is  position  of  the  starting  block.  This  allows  efficient 
shown.  Volume  120  is  segmented  into  a  number  of  logi-  search  through  the  B-Tree  for  the  location  information 
cal  blocks  136.  Typically,  each  logical  block  126  is  of  data  at  a  particular  file  relative  position, 
comprised  of  a  predetermined  fixed  number  of  b>'tes,  3  In  actuality,  the  preferred  embodiment  stores  three 
such  as  512  bytes  for  the  preferred  embodiment  A  fixed  extents  descriptors,  base  plus  two  subsequent  cxtenu 
number  of  logical  blocks  starting  at  block  0  and  ending  descriptors,  the  information  dau  segment  114  of  the 
at  block  n  is  reserved  for  volume  information.  The  file's  catalog  B*Tree  record  such  as  94  of  FIG.  6.  There- 
balance  of  the  memory  device  starting  at  block  n-f-1  is  fore,  in  the  example  of  FIO.  8,  extent  descriptors  125a 
available  for  daU  storage  and  this  storage  area  is  sepa-  10  u^a  and  U7a  are  kept  in  the  Information  segment  of 
rated  into  allocation  units,  wherein  each  allocation  unit  the  cataloging  structure  and  extents  128a-131a  are  kept 
is  cpnpriscd  of  one  or  moic  contiguous  logical  blocks.  in  the  File  Extents  B-Trcc  as  shown  in  FIO.  9.  Permit- 
Volume  120  includes  four  areas  121-124.  System  ^g  limited  extent  information  to  be  kept  in  the  daU 
stiut-up  area  121  rontains  certain  configumble  system  segments  of  a  cataloging  structure  permits  faster  access 
parameters  which  are  well-known  in  operating  a  disk  or  15  (q  ^^  only  ^ij^n  a  file  contains  four  extents  or  more, 
other  memory  devioea.  Volume  information  area  123  y^\x  q^  to  coniult  the  FUe  ExtenU  B-Tree.  It  should 
contains  htformation  regarding  the  housekeeping  pa-  ^  appreci^ed  that  the  number  of  extents  which  are 
rameten  of  the  volume.  :uch  u  number  and  size  of  each  ^^  ^  the  file's  Catalog  B-Tree  record  without  using  a 
allocation  unit  Volume  bit  map  123  maintains  record  of  pjj^  Extents  B-Tree  is  arbitrary  and  can  be  changed 
each  allocation  unit  on  the  volume  120  and  uses  a  bit  20  ^t^out  departing  fh>m  the  spirit  and  scope  of  the  in- 
map  to  designate  use  or  non-use  of  each  allocation  unit  vention. 

Commencing  at  block  n-f  1,  a  file  content  area  124  ^^^  referring  to  FIO.  9.  it  shows  a  catalog  file  re- 
extends  to  the  end  of  the  Volume  120.  FUe  content  area  ^^  j^  ^^^  py^  Extents  B-Tree  records  143  and  144. 
124  a  separated  into  a  number  of  aUocation  units,  as  explained  in  the  structure  of  B-Trees  of  the  present 
wherein  each  aUocation  unit  is  comprised  of  a  fixed  23  indention,  each  reconl  143  and  144  U  comprised  of  a 
number  of  logical  Mocks.  WhUe  the  bit  nup  ™  «^-  j^ey  i4g  ^^^  149  and  extents  Ust  146  and  147,  respec- 
tains  volume  s(Mce  manageiMntit  does  not  provide  fUc  ^^  ^^  ,^^  ^  ^^^^^  ^ion  of  the  data  of  a  partic- 
mapping.  The  file  mapping  ftmction  is  provided  by  the  ^^  ^^  ^^  ^^  Catalog  B-Tree  te  searched  for  the 
file  extcnto  Usts.  ^^  .  .  ,  „  .  ^  ,n  corresponding  file  record.  From  this  file  record's  infor- 
Refernng  also  to  HO.  »,  \ P^^*^"  «f  "J^^^^  »  ^K^nSit.  the  file  number  is  extr^rted.  Alsa  the 
!r,*^.^*^'^?°SSt^?3^^^  first  thr^eSjde^^riptor.  in  the  information  se^ 
file  ^«d  j"«  ^.  j°-^»>^  ^-  of  the  catalog  B-Tree  file  reconl  are  examined.  If  the 
tire  contoato  of  file  E  «e  separated  into  sev«  ext»ts  ^-uj^  fij^  J^u  j,  contained  within  the  corresponding 

'^'?\J^X^'^'''[tL^^l^t^^^             33  ^»S^^^e  location  information  uWn«Si? 

'  Hxtent  descriptor  1^  is  comp^o^^  ^T^T^V^^X'^ffieT^^             of  22  blocks 

extent  descriptors  125a-13U  provides  information  as  45  cx^t  **?f^'S>^°"J?"'^«^^^                     !^^^ 

to  lhe«ldre»iand  length  of  each  extent  125-131  of  file  J**/f  f'f  P~jl^,^'J^^^? 

E.  For  example,  the  fourth  extent  128,  which  has  a  ^"P'^^fr^^J^.^^S^ 

startingaUociionaddreuof  mandisonly  twoaUoca-  (3+3+1)  of  the  me  ^^  >^^*»J^™^  ^^'^ 

tion  blocks  long,  has  a  value  of  189  in  field  141  and  a  r«naii^  13  blocks  (2+3+1+7)  oft^^'f*  »^^- 

vX-of2  in  field  142  of  descriotor  128fl.                       50  tained  in  two  daU  records  143  and  144  within  the  FUe 

't^^u^'l^ion  of'^T^^^^               are  main.  '^  Extents  J^Tr«J|s«m^                                       file 

tained  in  the  present  invention  in  the  daU  records  con-  reUtive  block  podtton  13  within  fl^e  E.  The  extent  dc- 

SStheteafnode.ofB.TreesuchasofnOS.«.  ^llf  ^  "^S"^***  ^^  ^wv'*^  *?  l!^^^ 

Tlus  tree  is  known  as  the  File  Extents  B-Tree  and  is  a  i»«lfl«t.  Since  relative  bk>ck  13  is  r«^  j^an  the 

separate  B-Tree  from  the  earlier  described  catalog  B-  33  "um^.o^  blocks  located  ^y  ^«  «^*  f,f="P!^  " 

Tree.  Each  dau  record  of  this  extents  B-Tree  consists  of  the  me^s  catalog  record,  the  ^^^^1^-^"^.^ 

.  key  and  an  information  segment  as  before  in  the  dis-  searched.  The  key  used  for  the  B-Tree  search  for  rela- 

cussion  of  FIGS.  3-5.  The  information  segment  of  a  File  tive  block  posiuon  13  »  <2ai3  > .          .      ..        , 

Extents  B-Trte  daU  record  is  comprised  of  a  sequence  Since  the  key  value  of  "13"  is  greater  thiui  the  value 

of  extents  descriptors  of  a  particula?  file.  The  maximum  60  •'9"  of  key  14«  for  the  first  FU«  Extents  B-Tree  record 

number  of  extenu  descriptors  in  such  a  record  can  vary  143  for  file  E  and  is  less  than  the  v^ue     3   of  key  149 

from  implemenution  to  implemenUtion.  but  in  the  pre-  for  the  second  record  144.  the  search  results  with  a  not 

fcrred  embodiment  is  set  to  three.  The  key  of  the  File  found"  result  but  positions  to  the  »«»«<*  B-Trec  record 

Extenu  B-Tree  record  consists  of  two  fields:  the  file  144.  By  retrieving  the  previous  record  143  of  My.l«. 

number  of  the  particular  file  and  the  file  reUUve  posis-  63  the  extent  descriptor  for  relative  block  13  u  obtamed. 

tion  of  the  starting  block  of  the  first  extent  descriptor  in  The  value  of  •^•'  for  key  14S  U  derived  because  extents 

that  record.  These  extents  records  are  kept  in  the  leaf  Ibt  146  starts  at  the  tenth  reUtive  block  (aUocatwrn  umt 

nodes  of  the  Extents  B-Tree  sorted  in  ascending  order  number  9).  The  value  of  "13"  for  key  149  is  denved 
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because  extents  list  147  starts  at  the  sixteenth  relative 
block  (allocation  unit  number  15). 

IMPLEMENTATION 

The  HFS  of  the  present  invention  is  implemented  in  a  S 
computer  which  is  coupled  to  a  memory  device,  such  as 
a  disk,  having  an  ability  of  storing  millions  of  bits  of 
information,  although  any  storage  medium  can  use  the 
HFS.  Typically,  the  HFS  of  tht  present  invention  pro- 
vides  the  cataloging  of  vstrious  groupings  of  data,  such  10 
vi  files,  which  are  stored  on  the  disk. 

Tb«  prtfcrrcd  cmbodimtiit  implements  dau  storage 
by  tat  use  of  a  cataloging  structure  previously  de- 
scribed to  catiJog  daU  stored  on  a  large  capacity  mem- 
ory device.  It  alto  m«itit>in«  a  file  extents  recofd  of  up  ^- 
to  three  extents  per  fUe  in  the  catalog.  Subsequent  ex- 
tent ittformatiott  is  stored  in  a  separate  fUe  extents  re- 
cord. Both  the  catalog  recurd  and  the  extents  record  are 
maintained  u^  two  B-Trees  of  the  earlier  described 

B-Tree  structure. 
The  HFS  M  described  in  the  preferred  embodiment  is 

controlled  by  a  combination  of  hardware  and  software 
in  a  computer  system.  The  HFS  controlling  routines  aie 
stored  in  a  separate  storage  device  than  the  device  used  ^5 
for  storing  the  actual  data.  The  preferred  embodiment 
stores  the  routines  in  a  read  only  memory  (ROM),  al- 
though most  any  storage  medium  may  be  used. 

Thua.  a  hierarchical  flUng  system  for  use  with  a  large 
capacity  memory  device  in  described.  30 

We  claim: 

1.  In  a  computer,  a  hierarchial  filing  system  to  pro- 
vide cataloging  and  retrieval  of  data  Stored  on  a  storage 
device,  said  hierarchial  filing  system  comprising: 

a  memory  for  storing  a  program  tor  lakl  cataloging  33 
and  retrieval; 

a  processor  coupled  to  sakl  memory  and  saki  storage 
device  for  processing  an  organizing  means  to  cata- 
log and  retrieve  said  data;  sakl  processor  compris- 

inr.  40 

said  program  for  organizing  sakl  data  on  said  storage 
devk%  into  a  hypothetk:al  catalog  whkh  has  a  root 
directory,  a  plurality  of  branching  directories  ar- 
ranged at  various  subsequent  levels  from  sakl  root 
directory,  wherein  some  of  saki  branching  directo*  43 
ries  branch  firom  other  of  saki  branch  directories; 
said  branching  directories  being  interconnected 
such  that  for  each  of  said  branching  directories 
there  is  only  a  singular  path  firom  itself  to  sakS  root 
directory;  and  wherein  some  of  saki  btancUng  30 
directories  have  at  least  one  file,  each  file  corre- 
sponding to  a  representation  of  a  predetermined 
portion  of  sakl  stored  data; 
an  nwigning  means  for  assigning  a  unique  identifica- 
tion value  to  saki  root  directory  and  each  of  sakl  33 
branching  directories,  and  assi|piing  an  kientiflca- 
tion  name  to  each  of  sakl  files,  root  directory  and 
branching  directories,  wherein  each  of  said  branch- 
ing directories  and  files  are  each  provided  with  a 
key  comprised  of  its  identification  name  and  its  60 
next  higher  level  directory  Wentiflcaiwn  value; 
a  list  forming  means  for  forming  a  linear  list  of  files 
and  directory  entries  such  that  sakl  file  and  direc- 
tory entries  are  ordered  by  said  keys,  such  that  said 
root  directory  bekig  the  highest  level  and  files  65 
Hcing  the  lowest  level;  and  sakl  mterconnectkm  of 
each  of  said  singular  path  is  provkled  by  each  file 
&nd  branching  directory  identificatkm  name  being 


associated  with  directory  identification  value  of  its 
next  higher  level; 
a  structure  fonning  eeans  for  forming  a  B-Tree  in- 
dexing structure  having  a  beginnkig  node,  a  plural- 
ity of  Indexing  nodes  and  a  plurality  of  terminating 
nodes,  and  wherein  said  linear  list  U  stored  in  said 
terminating  nodes  of  said  B-Tree  indexing  struc- 
ture. 
X  The  hierarchial  filing  system  defined  In  claim  1. 
wherein  saki  memory  for  storing  sakl  program  is  a  read 
only  memory. 

3.  In  a  computer  system  where  dau  is  to  be  cau- 
logued  when  stored  into  a  memor>*  device,  a  method 
Tjeribrmed  by  the  computer  system  for  provkiing  a 
kierareliial  filing  system  to  catalogue  sakl  dau  into  a 
volume  of  sakl  memory  device  for  subsequent  retrieval, 
comprising  the  steps  of: 
creating  a  root  directory,  a  plurality  of  subdttectorics 

andaplurahtyofflln; 
organiiiag  said  root  directory,  subdirectories  and 
files  into  a  hypothetk»l  catalog  wherein  said  root 
directory  is  at  a  topmost  level  and  sakl  subdirecto- 
ries are  arranged  at  various  subaequent  levels  from 
saki  root  directory,  some  of  sakl  subdirectories 
branch  fiom  other  of  sakl  subdirectories,  but  said 
subdirectories  being  Interconitected  such  that  for 
each  of  sakl  subdirectories  there  is  only  a  singular 
path  ftom  Itself  to  sakl  root  directory,  and  whereki 
each  of  sakl  files  being  lateiooanected  to  branch 
from  a  certain  one  of  sakl  subdirectories  only,  such 
that  for  each  file  there  is  only  a  singular  path  fh>m 
itself  to  sakl  root  directory; 
assigning  a  unk)ue  numerical  directory  klcntificatton 
value  to  sakl  root  directory  and  to.each  of  sakl 
subdlrecioriea  ia  sakl  volume; 
assipdng  an  kleatiflcation  name  to  saki  root  directory 
and  to  each  of  sakl  subdirectories  and  files,  such 
that  no  two  subdirectories  branching  from  a  root 
directory  hat  a  same  name,  no  two  subdirectories 
braacUag  flram  another  subdirectory  has  a  same 
name,  and  DO  two  files  branching  from  one  of  saki 
directories  has  a  same  name; 
wbereia  each  of  sakl  subdirectories  and  files  are  each 
provkled  with  a  key  comprised  of  its  klentiffcatkm 
^    nsme  and  its  next  higher  level  directory  klentifica- 

tiOQ  value; 

forming  a  linear  list  of  files  and  subdirectory  entries 
such  that  sakl  file  and  subdirectory  entries  are  or- 
dered by  sakl  keys,  such  that  saki  root  directory 
being  the  faigbest  level  and  files  being  the  k>west 
level;  and  sakl  intercoimectkm  of  each  of  sakl  sin- 
gular path  is  pro  vkled  by  each  file  and  subdirectory 
klentificatk^n  name  being  associated  with  directory 
kkntiflcatkm  value  of  its  next  higher  level; 

forming  a  B-Tree  kidexing  structure  having  a  begm- 
ning  node,  a  plurality  of  indexing  nodes,  and  a 
plurality  of  terminal  nodes; 

storing  said  linear  list  in  said  terminal  nodes  of  said 
B-Tree  structure  in  alphanumerical  order  accord- 
ing to  sakl  numerical  directory  value; 

iMJgning  sakl  identificatkm  name  of  a  given  file  to  a 
respective  portion  of  said  data; 

storing  said  data; 

placing  memory  locatkm  information  in  said  files, 
wherein  for  each  given  file  its  memory  locatk>n 
informatk>n  locates  its  respective  portk)n  of  sakl 
daU  stored  in  sakl  memory  device. 
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4.  The  method  aa  described  in  claim  3  wherein  sud 
step  of  forming  said  B-Free  indexing  structure  fUrther 
comprises  th^  step  of  forming  a  B-Tree  structure 
wherein  said  beginning  node  comprises  a  root  node  of 
said  B-Tree,  said  indexing  nodes  comprise  branch  nodes 
of  said  Be-Tree,  and  said  terminal  nodes  comprise  leave 
nodes  of  said  B-Tree. 

5.  The  method  as  described  in  claim  4  wherein  said 
step  of  placing  location  informaLion  in  said  files  com- 
prises the  step  of  proxiding  a  plurality  of  extent  point- 
ers, each  extent  pointer  pointing  to  a  location  of  a  por- 
tion of  said  data  stored  in  s^id  memory  device  corre- 


10 


14 


spending  to  said  given  file  such  that  non-contiguous 
data  segments  are  made  to  correspond  to  each  s«id  file. 
6.  The  method  as  described  in  claim  5  fiirther  com- 
prising the  step  of  forming  a  second  B-Trec  structure  to 
store  a  linear  list  of  additional  extent  pointers  for  those 
files  which  have  more  extent  pointers  than  that  which 
can  be  stored  in  each  file,  said  linear  lUt  of  additional 
extent  pointers  being  stored  in  terminal  nodes  of  said 
second  B-Tree  structure  by  having  each  additional  ex- 
tent pointer  stored  in  one  of  said  terminal  nodes. 
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[57]  ABSTRACT 

A  CPU  with  an  interface  to  two  different  RAMs  which 
operate  at  different  rates.  The  interface  circuit  includes 
a  decoder  which  examines  the  addresses  from  the  CPU 
and  determines  whether  a  faster  cycle  or  slower  cycle  is 
needed.  The  slow  RAM  provides  video  signals  to  a 
video  display.  The  fast  RAM  includes  an  image  of  the 
video  signals  stored  in  the  first  RAM.  When  the  video 
signals  are  read  by  the  CPU,  they  are  read  only  from  the 
fast  RAM,  however,  when  it  is  necessary  to  update  the 
video  signals,  they  are  written  into  both  the  slow  and 
fast  RAMs. 
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COMPUTER  WITH  INTERFACE  FOR  FAST  AND 
SLOW  MEMORY  CIRCUITS 

This  is  a  continuation  of  application  Ser^No^020,599, 
filed  Mar.  2,  1987,  now  abandoned. 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

The  invention  relates  to  interface  circuits  for  central 
processing  units  of  digital  computers. 

2.  Prior  Art 

More  has  been  written  about  the  Apple  11  series  com- 
puters than  perhaps  any  other  computer.  Beginning  in 
the  late  1970*s  with  the  introduction  of  the  Apple  11 
computer,  followed  by  the  Apple  11+,  Apple  lie,  and 
Apple  lie,  these  computers  have  found  wide  applica- 
tion in  education,  science,  business  and  the  home.  In 
addition  to  the  voluminous  texts,  there  are  literally 
thousands  of  commercially  available  computer  pro- 
grams for  the  Apple  11  series  computers. 

The  initial  Apple  II  computer  used  a  central  process- 
ing unit  (the  6502)  which  operated  at  a  rate  of  1  mHz. 
The  computer  included  a  read-only  memory  (ROM) 
and   a   random-access   memory   (RAM).   The   RAM 


is  saved  by  operating  at  the  faster  rate.  Moreover,  the 
CPU  can  execute  the  program  at  the  faster  rate  from  the 
second  RAM. 
Other  aspect  of  the  present  invention  will  be  apparent 
5    from  the  detailed  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  block  diagram  of  a  computer  which  in- 
cludes the  present  mvention;  the  diagram  illustrate  the 
10  "faster  side"  and  "slower  side"  of  the  computer. 

FIG.  2  is  a  general  block  diagram  of  the  CPU  inter- 
face circuit. 

FIG.  3  is  a  timing  diagram  showing  the  faster  cycle 
and  slower  cycle  timing  signals. 
15       FIG.  4  is  a  diagram  used  to  illustrate  different  types 
of  faster  cycles  and  slower  cycles. 

FIG.  5  is  a  more  detailed  block  diagram  of  portions  of 
the  CPU  interface  circuit. 

FIG.  6  is  the  portion  of  the  CPU  interface  circuit 
20  which  provides  synchronized  timing  with  the  slower 
side  of  the  computer  for  certain  operations. 

FIG.  7  is  a  timing  diagram  used  to  explain  the  opera- 
tion of  the  circuit  of  FIG.  6. 

FIG.  8  illustrates  some  outputs  from  the  CPU  inter- 


stored  data  for  the  video  display.  The  I  mHz  timing  was  25  face  circuit  and  logic  circuits  associated  with  these 
used  for  all  ROM  and  RAM  access  cycles  including 
accessing  by  the  video  circuits  for  the  display.  A  unique 
timing  mechanism  was  also  used  which  "stretched" 
certain  timing  signals  to  prevent  a  phase  reversal  be- 
tween the  color  reference  signal  and  the  color  video  30 
signal  (see  U.S.  Pat.  No.  4, 136,359).  For  other  aspects  of 
the  Apple  II  computer,  see  U.S.  Pat.  Nos.  4,210,959  and 
4,278,972. 

Since  the  introduction  of  the  first  Apple  II  computer, 
substantial  progress  has  been  made  in  semiconductor  35 
technology.  Microprocessors  or  central  processing 
units  (CPUs)  are  commercially  available  which  operate 
at  much  faster  rates  with  larger  data  words  and  ad- 
dresses. 

The  present  invention  deals  with  the  problem  of  40 
adapting  a  faster  CPU  to  an  Apple  II  computer.  The 
video  timing  of  the  Apple  II  computer  makes  it  difficult 
to  adapt  a  faster  CPU  to  the  circuitry  of  the  Apple  II 
computer  if  compatibility  with  existing  programs  and 
certain  hardware  is  to  be  maintained. 

As  will  be  seen,  the  present  invention  provides  a  CPU 
interface  with  allows  a  faster  CPU  to  be  "mated  with" 
the  slower  cycle  times  associated  with  the  Apple  II 
series  computer  while  still  taking  advantage  of  the 
greater  capacity  of  the  faster  CPU. 


outputs. 

FIG.  9  shows  the  bank  memory  mapping  used  in  the 
currently  preferred  embodiment. 

FIG.  10  shows  the  memory  space  used  on  the  slower 
side  of  the  computer. 

FIG.  11  describes  the  contents  of  the  shadow  register 
of  the  interface  circuit. 

FIG.  12  describes  the  contents  of  the  general  purpose 
register  of  the  interface  circuit. 

FIG.  13  describes  the  contents  of  the  slot  ROM  regis- 
ter of  the  interface  circuit. 

FIG.  14  describes  the  contents  of  the  soft  switches  of 
the  interface  circuit. 

DETAILED  DESCRIPTION  OF  THE 
INVENTION 


SUMMARY  OF  THE  INVENTION 


A  computer  with  its  interface  circuit  which  permits 
operations  at  two  different  rates  is  described.  In  the 
following  description,  numerous  specific  details  are  set 

45  forth  such  as  specific  cycle  times,  mapping,  bit  designa- 
tions, etc.,  in  order  to  provide  a  thorough  understand- 
ing of  the  present  invention.  It  will  be  obvious,  how- 
ever, to  one  skilled  in  the  art  that  the  present  invention 
may  be  practiced  without  these  specific  details.  In  other 

50  instances,  well-known  circuits  are  not  set  forth  in  detail 
so  that  the  present  invention  is  not  unnecessarily  ob- 
scured. 


OVERVIEW  OF  THE  PRESENT  INVENTION 

Referring  first  to  FIG.  1,  the  dotted  line  50  serves  to 
separate  the  computer  (for  purposes  of  explanation)  into 
a  faster  side  and  slower  side.  That  portion  of  FIG.  1  to 
the  right  of  and  above  line  50  is  referred  to  as  the  slower 
side  of  the  computer;  the  portion  to  the  left  of  and 


A  computer  which  provides  a  video  signal  for  a  dis- 
play and  includes  a  unique  interface  circuit  is  described. 
The  central  processing  unit  (CPU)  executes  a  program  55 
at  the  faster  cycle  time.  The  CPU  communicates  with  a 
first  random-access  memory  (RAM)  at  the  slower  rate 
and  a  second  RAM  at  the  faster  rate.  The  first  RAM  is 
accessed  a  the  second  (slower)  rate  by  video  circuits  to 
generate  the  video  signal.  The  interface  circuit  includes  60  below  line  50  as  the  faster  side. 
a  decoder  which  decodes  the  addresses  from  the  CPU  The  CPU  12  which  in  the  currently  preferred  em- 

and  determines  which  of  the  memories  is  to  be  accessed.  bodiment  is  a  65C816  operates  at  a  clock  rate  of  2.8 
An  image  of  the  video  data  is  stored  in  both  the  first  and  mHz,  approximately  3  times  faster  than  the  6502  ini- 
second  RAMs.  When  the  data  is  read  by  the  CPU  for  tially  used  in  the  Apple  II  computer.  The  CPU  interface 
purposes  of  updating  the  display,  it  is  read  only  from  the  65  circuit  10  is  coupled  to  the  CPU  12  and  provides  con- 
second  RAM  (at  the  faster  rate).  Since  typically  many  trol  for  the  faster  cycles  and  slower  cycles  by  varying 
more  read  cycles  of  the  video  data  are  needed  com-  the  timing  of  the  CPU  clock  signal  PH2.  The  computer 
pared  with  the  number  of  write  cycles,  substantial  time        includes  two  RAMs,  the  first  RAM  15  operates  at  the 
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slower  rate  and  a  second  RAM  20  operates  at  a  faster 
rate.  While  programs  may  be  executed  by  the  CPU 
from  either  RAM  15  or  20,  they  are  generally  executed 
from  RAM  20  to  take  advantage  of  the  RAM's  faster 
cycle  times.  (RAMs  15  and  20  are  both  DRAMs  fabri-  5 
cated  from  the  same  "chips";  thus  it  is  not  the  inherent 
rate  at  which  the  RAMs  can  be  accessed  that  deter- 
mines the  slower  and  faster  rate,  but  rather  therates  at 
which  they  are  accessed  under  control  of  the  circuit  10.) 

The  video  data  read  for  generation  of  the  video  signal  10 
is  stored  in  RAM  15;  this  data  is  read  under  the  control 
of  the  slower  computer  circuits  26  and  through  the 
video  graphics  controller  24  and  video  section  25  pro- 
vides the  video  signal.  An  image  of  this  video  data  is 
also  stored  in  the  fast  RAM  20.  A  "shadow'*0  of  the   15 
data  is  stored,  hence  the  name  shadow  cycles  is  used  to 
identify  cycles  for  writing  this  shadow  into  memory. 
When  the  CPU  12  is  executing  a  program  and  needs  to 
read  the  video  data  (for  example,  to  update  it),  the  cir- 
cuit 10  causes  the  data  to  be  read  only  from  the  RAM  20 
20.  When  new  video  data  for  the  display  is  computed,  it 
is  written  into  RAM  20,  then  into  RAM  15  in  a  shadow 
cycle.  Since  there  are  substantially  more  read  cycles 
than  write  cycles  associated  with  the  video  data,  sub- 
stantial time  is  saved  in  updating  the  display  in  this  25 
manner. 


PREFERRED  EMBODIMENT  OF  THE 
COMPUTER 


30 


1.  Computer  Layout 

A.  Fast  Side 

Referring  to  FIG.  1,  the  fast  side  of  the  computer 
comprises  the  CPU  12,  CPU  interface  circuit  10,  the 
RAM  20,  read-only  memory  (ROM)  14,  a  connector  13,  35 
and  interconnecting  bused  and  lines. 

The  CPU  12,  as  mentioned,  is  a  commercially  avail- 
able microprocessor,  the  65C816.  The  CPU  12  is  cou- 
pled to  the  8  bit  data  bus  18  and  the  address  buses  33  and 
34.  As  shown,  address  bus  34  receives  the  address  sig-  40 
nals  AO-8,  while  address  bus  34  receives  the  address 
signals  A8-15.  Eight  additional  "bank"  address  bits  are 
multiplexed  over  the  data  bus.  The  PH2  (2.8  mHz) 
clock  signal  is  coupled  to  the  CPU  12  from  the  interface 
circuit  10.  This  timing  signal  is  generated  from  oscilla-  45 
tor  29  found  in  the  slower  side  of  the  computer  and  is 
derived  from  the  14  mHz  signal.  The  read-only  memory 
(ROM)  14  in  the  presently  preferred  embodiment  has  a 
capacity  of  128  K.  This  ROM  stores  a  monitor  program 
which  performs  such  functions  as  initialization,  etc.  50 
These  functions  are  similar  to  those  perfomed  by  the 
system  monitor  (F8)  used  in  the  Apple  II  computer. 
Other  programs,  such  as  "Apple  QuickDraw"  are  also 
stored  in  this  ROM.  The  ROM  is  coupled  to  the  data 
and  address  buses.  Expansion  ROM  can  be  provided  at  55 
the  connector  13  and  thus  address  signals  AIO-AIS  as 
well  as  the  data  bus  are  shown  coupled  to  the  connector 
13.  Addresses  FRAO-9  and  CAS/RAS,  discussed  later 
are  also  coupled  to  connector  13. 

The  CPU  interface  circuit  10  is  described  in  detail  60 
with  use  of  FIGS.  2,  5  and  8,  and  certain  timing  is  de- 
scribed in  connection  with  FIGS.  6  and  7.  In  general,  as 
mentioned,  it  is  the  interface  circuit  10  which  deter- 
mines if  a  faster  or  slower  cycle  is  needed,  and  then 
controls  the  computer  appropriately.  This  determina-  65 
tion  is  made  by  decoding  the  address  signals  and  exam- 
ining certain  flags  ("soft  switches"),  within  the  circuit 
10,  which  are  set  by  signals  sent  over  the  data  bus. 


The  fast  RAM  20  is  fabricated  from  ordinary  64  K 
dynamic  RAMs.  It  is  organized  as  shown  in  four  sec- 
tions of  64  Kx4  bits.  It  is  addresses  from  the  circuit  10 
by  the  FRAO-7  address  bits  (faster  RAM  address). 
Accessing  of  the  memory  from  the  bus  18  is  controlled 
in  an  ordinary  manner  by  the  row  address  strobe  (RAS) 
and  column  address  strobe  (CAS)  from  circuit  10. 
(These  signals,  the  chip  enable  signal  to  ROM  14  as  well 
as  the  CAS  and  RAS  signal  to  the  connector  13,  are 
shown  in  FIG.  8.) 

The  computer  of  FIG.  1  (faster  and  slower  side)  is 
fabricated  on  a  "motherboard"  and  includes  slots  and 
connectors  for  receiving  external  cards.  The  connector 
13  in  the  currently  preferred  embodiment  is  a  44  pin, 
edge  connector  for  receiving  expansion  memory  (RAM 
or  ROM)  for  access  at  the  faster  rate.  (As  with  the 
entire  block  diagram  of  FIG.  1,  certain  control  signals, 
power  lines,  grounding  lines  which  are  well-known  and 
are  not  needed  for  an  explanation  of  the  present  inven- 
tion are  not  shown  or  discussed.) 

B.  Slower  Side 

The  slower  side  of  the  computer  is  very  much  like  the 
prior  art  Apple  II  computer,  except,  of  course,  it  does 
not  include  a  CPU.  The  slower  side  of  the  computer 
uses  CPU  12  which  operates  at  the  fast  rate.  For  the 
most  part,  there  is  a  one-to-one  correlation  between 
many  of  the  circuits  on  the  slower  side  of  the  computer 
and  the  Apple  II  computer,  except  for  the  video  graph- 
ics controller  24.  The  video  graphic  controller  is  de- 
scribed in  copending  application,  Ser.  No.  906,753,  filed 
Sept.  12,  1986,  entiled  ENHANCED  VIDEO 
GRAPHICS  CONTROLLER,  (and  assigned  to  the 
assignee  of  the  present  invention). 

The  slower  side  of  the  computer  communicates  with 
the  data  bus  18  through  bidirectional  buffer  22  and  the 
address  buses  33  and  34  through  the  buffer  21.  Both 
these  buffers  receive  control  signals  from  the  CPU  in- 
terface circuit  10.  The  slower  side  includes  a  game  port 
31  for  coupling  to  a  Joystick.  Coupled  to  the  data  bus  18 
on  the  slower  side  is  a  circuit  42  for  providing  serial 
communications  (e.g.,  26LS30/32).  A  disk  controller  43 
permits  communications  with  a  disk  system.  A  key- 
board microprocessor  44  (e.g.,  50740  A)  which  is  cou- 
pled to  a  keyboard,  provides  scanning  as  is  well-  known. 
The  sound  section  45  is  used  for  developing  audio  sig- 
nals. 

The  slots  28  are  similar  to  the  slots  on  Apple  II  com- 
puters (excluding  the  Apple  lie),  and  comprises  seven 
50-pin  edge  connectors  for  receiving  circuit  boards. 
The  pin  expander  27  provides  decoding  and  timing 
signals  for  the  slots  as  is  well-known.  The  slots,  of 
course,  communicate  with  the  data  and  address  buses. 

The  slower  computer  circuits  26  contain  many  of  the 
logic  circuits  found  in  the  current  Apple  He  computer. 
These  are  control  and  video  circuits  all  of  which  are 
well-known  in  the  art.  Additionally,  these  circuits  in- 
clude means  for  generation  of  a  RGB  signal  in  a  manner 
described  in  copending  application,  Ser.  No.  785,220, 
filed  Oct.  7,  1985,  entitled  METHOD  AND  APPARA- 
TUS FOR  GENERATING  RGB  COLOR  SIGNALS 
FROM  COMPOSITE  DIGITAL  VIDEO  SIGNAL, 
(and  assigned  to  the  assignee  of  the  present  invention). 

The  oscillator  29  provides  timing  signals  for  both  the 
faster  and  slower  side,  and  as  mentioned,  provides  a  14 
mHz  signal  to  the  interface  circuit  10. 

The  RAM  15  is  organized  in  a  similar  manner  to 
RAM  20  and  is  fabricated  again  from  64  K  dynamic 
memories  and  organized  in  four  section  of  64  K  X  4.  The 
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RAS  and  CAS  signals  are  generated  within  circuits  26. 
Refresh  control  is  also  maintained  by  circuit  26. 

2.  FAST  CYCLE/SLOW  CYCLE  TIMING  AND 
TYPES 

As  mentioned,  the  RAM  15  of  FIG.  1  is  accessed  at  a 
slower  rate  so  that  compatibility  is  maintained  with 
peripherals  and  displays  of  video  Apple  II  series  com- 
puters. In  FIG.  3,  the  PHO  waveform  derived  from  the 
oscillator  29  output  controls  the  slower  cycles  for  the 


coder  36,  soft  switches  37,  bus  control  logic  38,  RAM 
refresh  controller  40  and  the  state  machine  and  timing 
generation  39. 

In  general,  the  address  decoder  36  receives  the  ad- 
dress signals  and  then  decodes  then  to  select  one  of  the 
cycles  of  FIG.  4.  The  specific  address  range  for  the 
bank  mapping  is  shown  in  FIG.  9,  The  soft  switches  37 
are  flags  which  are  set  through  software  to  indicate 
certain  conditions  within  the  computer.  Many  of  the 


slower  side  of  the  computer.  This  1  mHz  signal  (actual)  10  flags  serve  the  same  function  as  used  in  the  Apple  II 


period  980  nsec.)  has  two  states.  During  the  low  state, 
the  video  circuitry  accesses  RAM  15  to  provide  the 
video  signal;  and,  during  the  high  state,  the  CPU  has 
access  to  the  RAM  15. 

The  faster  side  of  the  computer  is  controlled  by  the  15 
PH2  signal.  This  approximately  3  mHz  signal  has  a  low 
state  of  140  nsec.  When  addresses  are  tansmitted  by  the 
CPU  and  a  high  state  of  210  nsec.  for  data  transfer. 

Assume  now  that  the  CPU  12  needs  to  access  the 
RAM  15,  for  instance,  to  write  video  data  into  the  20 
RAM  15  during  a  shadow  cycle.  The  CPU  interface 
circuit  10  determines  when  this  is  necessary  and  then 
provides  a  select  signal  having  the  waveform  46.  When 
this  occurs,  the  CPU  is  put  in  a  hold  mode  and  in  effect 


computer. 

The  bus  control  logic  38  controls  various  signals  on 
the  bus  and  other  signal  flow  which  will  be  more  appar- 
ent from  FIG.  5.  The  RAM  refresh  controller  40  per- 
forms the  well-known  function  of  providing  refresh 
signals  for  the  dynamic  RAM  20.  This  controller  is  not 
described  since  it  is  not  needed  to  understand  the  pres- 
ent invention.  The  state  machine  and  timing  generator 
performs  the  basic  control  function  for  the  interface 
circuit.  A  portion  of  the  timing  circuit  pertinent  to  the 
present  invention  is  described  in  conjunction  with  FIG. 
6. 

The  portion  of  the  CPU  interface  circuit  10  of  FIG.  5 
again  shows  the  address  decoder  36.  The  decoder  re- 


the  PH2  signal  is  then  synchronized  with  the  PHO  25  ceives  the  address  signals  AO-7  (bus  34)  and  A8-15 


signal.  During  the  next  PHO  signal,  as  shown  by  line  47, 
data  is  accepted  from  the  CPU  through  the  buffer  22 
and  into  the  slow  RAM  15.  Thereafter,  the  CPU  contin- 
ues to  operate  at  the  faster  rate  under  control  of  the 
PH2  signal.  Note  that  the  PH2  signal  is  not  otherwise  30 
synchronized  with  the  PHO  signal. 

FIG.  4  illustrate  the  type  of  faster  cycles  and  slower 
cycles  for  the  computer.  The  various  cycles  are  all 
enclosed  within  ellipse  51.  The  slower  cycles  are  shown 


(bus  33).  The  timing  signals  from  FIG.  6  are  also  applied 
to  the  decoder  36.  The  decoder  36  receives  two  read/- 
write  control  signals  during  normal  operation  on  lines 
73.  During  DMA  operations,  these  lines  function  as 
bidirectional  lines  and  read/write  signals  are  provided 
by  the  decoder  itself. 

As  mentioned,  8  additional  bits  of  an  address  are 
provided  on  data  bus  18.  These  address  bits  are  coupled 
to  the  address  decoder  from  the  bus  18  via  lines  74 


to  the  right  of  dotted  line  52  and  the  faster  cycles  to  the  35  through  the  bank  address  latch  and  multiplexer  63.  The 


left  of  dotted  line  52.  On  the  slower  side,  the  RAM  15 
cycles  are  shown  within  the  ellipse  52.  Some  of  the 
cycles  associated  with  RAM  15  are  for  the  video  dis- 
play and  those  are  shown  within  the  ellipse  53.  A  subset 
of  these  are  identified  by  ellipse  54  as  shadow  cycles.  40 
These  cycles  also  write  data  into  the  display  image  in 
RAM  20.  Another  type  of  slower  cycles  are  for  direct 
memory  access  (DMA),  and  these  are  shown  by  ellipse 
55.  Another  category  of  slower  cycles  not  associated 


latching  of  these  addresses  is  controlled  by  the  PH2 
clock.  During  DMA  operations,  the  DMA  signal  causes 
the  multiplexer  63  to  select  addresses  from  the  register 
64. 

There  are  a  plurality  of  registers  coupled  to  the  ad- 
dress bus  18.  TTiese  registers  receive  data  from  the  bus 
18  under  the  control  of  the  address  decoder  36.  The 
information  from  these  registers  is  then  coupled 
through  the  data  bus  to  various  portions  of  the  com- 


with  the  memory  are  the  input/output  cycles  repre-  45  puter. 


sented  by  circle  57.  These  can  include,  for  example, 
inputs  from  the  game  port,  keyboard,  etc.  A  subset  of 
these  are  the  slot  cycles  for  the  slots  28  of  FIG.  1,  repre- 
sented by  circle  58. 

On  the  faster  side,  the  fast  cycles  include  fast  memory  50 
access  cycles  to  the  RAM  20  represented  by  ellipse  60 
and  fast  cycles  to  the  ROM  14  represented  by  ellipse  61. 
The  ellipse  62  illustrates  the  faster  cycles  associated 
with  the  interface  circuit.  For  example,  there  are  regis- 
ters shown  in  FIG.  5  which  are  addressable  and  receive  55 
data  under  control  of  the  circuit  10*s  decoder.  Addition- 
ally, these  cycles  include  setting  of  the  soft  switches. 
The  cycles  associated  with  the  connector  13  are  repre- 
sented by  the  ellipse  63  and  identified  as  memory  card 
130  cycles.  They  include  RAM  cycles  and  ROM  cycles, 
since,  as  mentioned,  the  expandable  memory  for  con- 
nector 13  can  include  RAM  or  ROM. 

The  dotted  line  connecting  ellipses  60  and  54  indi- 
cates that  there  are  two  memory  cycles  for  shadowed 
video  data,  that  is,  it  is  written  in  both  RAMs. 

3.  CPU  INTERFACE 

First,  referring  to  FIG.  2,  the  major  functional  blocks 
of  the  CPU  interface  are  illustrated  as  the  address  de- 


The  register  64  is  the  DMA  bank  register,  the  output 
of  which  as  already  mentioned  is  coupled  through  the 
multiplexer  63  on  line  76  to  the  decoders.  The  CLKl 
signal  causes  the  register  to  read  information  from  bus 
18.  The  information  is  returned  to  the  bus  18  via  buffer 
65  on  command  of  the  output  enable  (OEl)  signal. 

The  shadow  register  66  contains  data  which  controls 
accessing  of  RAM  15.  The  specific  signals  stored  in 
register  66  are  shown  in  FIG.  11.  The  mapping  of  FIG. 
10  shows  the  shadowed  video  areas.  The  signals  in 
register  66  are  returned  through  buffer  67  to  bus  18  on 
command  of  the  OE2  signal. 

The  general  purpose  register  68  stores  various  signals 

under  control  of  the  CLIC3  signal  and  returns  these 

60  signals  to  the  bus  18  via  buffer  69  on  command  of  the 

OE3  signal.  The  signals  stored  in  this  register  are  shown 

in  FIG.  12. 

The  SLOT  ROM  register  71  contains  signals  that  are 
used  to  determine  whether  to  read  data  from  each  I/O 
slot  or  its  corresponding  addresses  in  ROM.  The  con- 
tents of  register  71  are  coupled  to  the  bus  18  through  the 
buffer  72  on  command  of  the  OE4  signal.  The  signals 
contained  in  this  register  are  shown  in  FIG.  13. 


65 
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The  buffer  70  is  coupled  to  the  soft  switches  and 
permits  the  status  of  these  switches  to  be  read  onto  bus 
18  on  command  of  the  OE5  signal.  FIG.  14  shows  the 
fimction  of  these  signals. 

In  operation,  the  addresses  from  the  CPU  which  are   s 
coupled  to  the  decoder  36  include  addresses  which  are 
recognized  by  the  decoder  as  addresses  of  the  registers 
64,  66,  68,  and  71.  The  specific  addresses  are  set  forth  in 
Table  1.  The  decoder  36  provides  the  appropriate  sig- 
nal, CLK  1-N  to  the  register  to  permit  the  data  to  be  lo 
read  from  the  bus  18  into  the  register.  The  contents  of 
these  registers  is  coupled  to  the  decoder  36  for  decoding 
and  is  used  in  selecting  the  appropriate  cycle.  The  de- 
coder also  recognizes  the  read/write  signal  which  de- 
termines correct  action  (e.g.,  write  into  or  read  from  the  15 
register)  to  be  read  through  their  respective  buffer  back 
onto  the  data  bus.  This  is  implemented  through  the 
decoder  by  the  OEl  -N  signals. 


TABLE  1 


Address    Contents 


Function 


20 


JC02D     Slot  ROM  Register 

SC035     Shadow  Register 

SC036     General  Purpose 
Register 


Controls  Intemal/extemat 

device  selection 

Controls  which  display  areas 

are  shadowed 

Controls  speed,  disk  motor  25 

detect,  and  shadow  enable 

in  all  banks 
SC037      DMA  Bank  Register       Holds  upper  8-bits  of  DMA 

address 
$C06S     Soft  Switches                   Map  eight  switches  to  an  8-biI 
R/W  Reg- 30 


An  output  of  the  decoder  selects  slower  or  faster 
cycle  as  indicated  by  line  77.  Another  output  (line  78) 
selects  the  RAM  20  or  ROM  14  as  opposed  to  the  ex- 
tended memory  card  for  connector  13.  The  output  on  35 
line  78  selects  the  shadow  memory  cycle.  Other  outputs 
of  the  decoder  are  described  in  conjunction  with  FIG. 
8. 

The  interface  circuit  10  provides  control  signals  for 
the  buffer  22.  The  signals  consist  of  a  directional  signal  40 
to  indicate  which  direction  data  will  flow  through  the 
buffer  and  an  enable  signal.  As  implemented,  data  is 
always  enabled  through  the  buffer  22  even  if  it  is  not 
needed  on  the  slower  side  of  the  computer,  except  dur- 
ing DMA  operations  through  the  circuit  26.  The  capac-  45 
itance  of  the  bus  itself  is  relied  upon  to  store  charge 
during  the  latter  part  of  the  slower  memory  cycle  when 
data  is  being  written  into  the  RAM  15  or  otherwise 
transferred  into  the  slower  side  of  the  computer.  There 
is,  in  effect,  a  "sample  and  hold  effect"  on  the  bus.  50 
(Thus,  special  timing  signals  are  not  required  to  the 
buffer  22  for  the  slower  memory  cycles.).  The  buffer  21 
is  also  always  driven  except  for  DMA  operations.  Even 
though  these  buffers  are  driven  when  addresses/data 
are  not  being  transferred  to/from  the  slower  side  does  55 
not  mean  the  data  is  "accepted"  on  the  slower  side. 
Enable  signals,  select  signals,  address  signals  prevent 
"acceptance"  of  the  data. 

FIG.  8  illustrates  the  CAS  and  RAS  control  signals 
from  the  decoder  36  for  the  RAM  20  and  ROM  14  and  60 
the  RAM  and  ROM  connected  to  the  connector  13. 
Also  chip  enable  signals  are  shown,  one  for  enabling 
ROM  14  and  another  for  enabling  selection  of  ROM 
connected  to  the  connector  13. 

The  bank  select   signals  BO  and   Bl   are  coupled  65 
through  the  gates  80,  81,  82  and  84  along  with  a  CAS 
and  RAS  signal  to  provide  CAS  and  RAS  signals  for 
bank  0  and  bank  1  of  RAM  20  of  FIG.  1.  The  bank 


select  signal  on  line  83  is  gated  by  the  PH2  signal  to 
provide  the  chip  enable  signal  for  selection  of  the  ROM 
14.  The  remaining  signals  on  lines  85,  86,  87,  88  and  89 
are  all  coupled  through  gates  86,  87,  88  and  89  as  shown 
to  the  connector  13  of  nO.  1.  They  provide  the  CAS 
and  RAS  signal  for  external  RAM,  the  directional  con- 
trol signal  for  the  RAM  and  the  other  signals  as  shown. 

4.  SYNCHRONIZATION  BETWEEN  FASTER 
CYCLES  AND  SLOWER  CYCLES 

Referring  again  to  FIG.  3  when  access  is  needed  to 
the  slower  side  of  the  computer,  the  CPU  waits  until  the 
appropriate  time,  based  on  the  PH2  signal  to  access  the 
slower  sides  of  the  computer  as  indicated  by  waveforms 
46  and  47.  For  this  reason,  it  is  necessary  for  the  inter- 
face circuit  to  keep  track  of  the  PHO  signal. 

There  is  an  added  dimension  to  keeping  track  of  the 
PHO  signal  because  of  the  unusual  timing  used  in  the 
Apple  II  series  computers.  Periodically,  the  PHO  clock 
is  "stretched"  to  provide  additional  counts  as  described 
in  U.S.  Pat.  No.  4,136,359.  Therefore,  it  is  necessary  for 
the  interface  circuit  to  keep  track  of  these  stretch  cy- 
cles. The  circuit  for  doing  this  is  shown  in  FIG.  6. 

The  interface  circuit  receives  a  synchronization  sig- 
nal from  the  video  graphics  controller  on  line  94.  The 
waveform  for  this  signal  is  shown  in  FIG.  7  on  line  94a. 
This  signal  indicates  the  stretched  PHO  signal. 

The  circuit  of  FIG.  7  includes  a  4  bit  counter  92 
which  is  clocked  by  the  14  mHz  signal.  The  4  bit  count 
at  the  output  of  this  counter  is  connected  to  the  state 
machine  and  logic  circuits  of  interface  circuit  10,  and  as 
will  be  seen,  the  most  significant  bit  of  this  signal  is  in 
fact  the  PHO  signal.  This  decoder  93  examines  the  4  bits 
from  counters  and  determines  when  a  $6  count  or  $E 
count  is  present  at  the  output  of  counter  92.  When  a  $6 
count  is  present,  a  signal  is  coupled  to  the  preload  logic 
91  causing  $8  to  be  loaded  into  the  counter  92.  Simi- 
larly, when  decoder  93  detects  a  $E  at  counter  92,  it 
couples  a  signal  to  the  logic  91  causing  $0  to  be  loaded 
into  counter  92.  The  signal  on  line  94  causes  a  $D  lo  be 
loaded  into  the  counter  92. 

Referring  to  FIG.  7,  the  uppermost  waveform  repre- 
sents the  PHO  signal.  Initially  assume  the  counter  92 
has  all  0*s  and  the  count  proceeds  as  shown  from  $0-6. 
When  the  count  S6  is  reached,  the  decoder  93  and  logic 
91  cause  $  8  to  be  loaded  into  counter  92  a  the  counter 
continues  counting  from  $  8,  that  is  hexadecimal  9,  A,  B 
C,  D  and  E.  When  $E  is  reached,  the  decoder  and  logic 

91  cause  $  0  to  be  loaded  into  counter  92  and  the  wave- 
form shown  on  the  upper  line  of  FIG.  7  is  repeated.  As 
is  apparent,  the  most  significant  bit  of  the  counter  is  in 
fact  the  PHO  signal. 

The  stretched  cycles  cause  the  PHO  signal  to  be 
extended  by  two  cycles  of  the  14  mHz  clock.  As  shown 
in  FIG.  7,  when  the  counter  contains  $D,  the  synchroni- 
zation signal  is  received  on  line  94,  indicating  the 
stretched  cycle.  $D  is  loaded  into  the  counter  92  for 
two  cycles  of  the  14  mHz  clock,  and  then  the  count 
proceeds  to  the  fmal  $E.  The  count  within  the  counter 

92  for  these  stretched  cycles  is  shown  on  the  lower 
waveform  of  FIG.  7  with  the  interaction  between  the 
synchronization  signal  from  the  video  graphics  control- 
ler and  the  logic  91  being  shown  by  the  lines  94  and  95. 

Thus,  a  computer  has  been  described  which  includes 
two  RAMs,  one  of  which  is  operated  at  a  faster  rate 
than  the  other.  The  interface  circuit  provides  control 
for  the  faster  and  slower  cycles  in  a  manner  which 
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allows*  the  tPU  to  operate  a  substantial  portion  of  its  said  display,  said  circuit  accessing  said  first  RAM 

time  at  the  faster  rate.  at  said  first  rate,  said  video  data  being  updated  and 

I  claim:  stored  in  both  said  first  RAM  and  said  second 

1.  A  computer  which  provides  a  video  signal  for  a  RAM; 

display  comprising:                                                              5  an  interface  means  coupled  to  said  data  bus,  said 

a  central  processing  unit  (CPU)  which  executes  a  address  bxis,  said  first  RAM  and  said  second  RAM, 

program  to  provide  said  video  signal  for  said  dis-  for  controlling  first  memory  cycles  between  said 

piay;  CPU  and  said  first  RAM  at  said  fu^t  and  second 

first  and  second  random-access  memories  (RAMs)  memory  cycles  between  said  CPU  and  said  second 

couples  to  said  CPU,  both  of  said  memories  storing  10  RAM  at  said  second  rate; 

video  data,  and  said  CPU  accessing  said  first  RAM  said  interface  means  mcluding  decoding  means  for 
at  a  first  rate  and  said  second  RAM  at  a  second  decoding  addresses  from  said  CPU  to  select  be- 
rate, said  second  rate  being  faster  than  said  first  tween  said  first  and  said  second  memory  cycles 
rate;  such  that  when  said  CPU  is  executing  a  program 

video  circuits  coupled  to  said  first  and  second  RAM,  15  and  needs  to  update  said  video  data,  said  interface 

and  to  said  display  for  generating  said  video  signal  means  causes  sia  video  data  to  be  read  only  from 

from  said  video  data  stored  in  said  fu^t  RAM  for  said  second  RAM  by  said  CPU  thereby  allowing 

said  display,  said  circuits  accessing  said  first  RAM  said  CPU  to  operate  a  substantial  portion  of  its  time 

at  said  first  rate,  said  video  data  being  updated  and  at  said  second  rate; 

stored  in  both  said  first  RAM  and  said  second  20  said  interface  means  also  including  timing  means  for 

RAM;  synchronizing  cetain  memory  cells  with  said  first 

an  interface  means  for  providing  control  between  RAM. 

said  CPU  and  said  fu-st  and  second  RAMs  such  that  8.  The  computer  defined  by  claim  7  wherein  said  first 

when  said  CPU  is  executing  said  program  and  and  second  RAM  are  fabricated  from  the  same  dynamic 

needs  to  read  said  video  data,  said  interface  means  25  access  memory  ports. 


40 


causes  said  video  data  to  read  only  said  second 
RAM  by  said  CPU  thereby  allowing  said  CPU  to 
operate  a  substantial  portion  of  its  time  at  said  sec- 
ond rate. 

2.  The  computer  defined  by  claim  1  including  at  least  30 
one  first  connector  and  at  least  one  second  connector, 
said  first  and  second  connectors  being  coupled  to  said 
CPU,  said  interface  means  for  permitting  data  to  be 
accessed  at  said  first  connector  at  said  first  rate  and  at 
said  second  connector  at  said  second  rate. 

3.  The  computer  defmed  by  claim  2  including  a  read- 
only memory  (ROM)  coupled  to  said  CPU  and  said 
interface  means,  said  interface  means  causing  said  ROM 
to  be  accessed  by  said  CPU  at  said  second  rate. 

4.  The  computer  defmed  by  claim  3  wherin  said  inter- 
face means  includes  a  decoder  which  decodes  addresses 
from  said  CPU  and  from  said  addresses  provides  said 
control  at  one  of  said  first  and  second  rates. 

5.  The  computer  defined  in  claims  1  or  4  wherein  said 
computer  includes  a  data  bus  and  an  address  bus,  said  45 
CPU  providing  certain  address  signals  on  said  data  bus 
during  predetermined  periods. 

6.  The  computer  defmed  by  claim  5  wherein  said 
interface  means  includes  a  plurality  of  registers  coupled 
to  said  data  bus  for  receiving  said  certain  addresses. 

7.  A  computer  which  provides  a  video  signal  for  a 
display  comprising: 

a  central  processing  unit  (CPU);  a  data  bus  coupled  to 
said  CPU; 

an  address  bus  coupled  to  said  CPU; 

a  first  random-access  memory  (RAM)  coupled  to  said 
data  bus  and  said  address  bus; 

a  second  RAM  coupled  to  said  data  bus  said  address 
bus,  said  first  and  second  RAMs  storing  video  data, 
said  video  data  written  by  said  CPU  into  said  sec- 
ond RAM  and  then  into  said  first  RAM  during  a 
shadow  cycle,  said  CPU  accessing  said  first  RAM 
at  a  first  rate  and  said  second  RAM  at  a  second 
rate,  said  second  rate  being  faster  than  said  first 
rate; 

video  circuits  coupled  to  said  first  and  second  RAM, 
and  to  said  display  for  generating  said  video  signal 
from  said  video  data  stored  in  said  first  RAM  for 


9.  The  computer  defined  by  claim  7  wherein  said 
video  circuits  include  a  video  graphics  controller  which 
provides  a  timing  signal  to  said  timing  means  of  said 
interface  means. 

10.  The  computer  defined  by  claim  9  wherein  said 
video  circuits  periodically  have  an  extended  cycle  and 
wherein  the  occurrence  of  said  extended  cycle  triggers 
said  timing  signal. 

11.  A  computer  which  provides  a  video  signal  for  a 
35  display  comprising: 

a  central  processing  unit  (CPU)  which  executes  a 
program; 

a  data  bus  coupled  to  said  CPU; 

an  address  bus  coupled  to  said  CPU; 

a  first  random-access  memory  (RAM)  coupled  to  said 
data  bus  and  said  address  bus; 

a  second  RAM  coupled  to  said  data  bus  and  said 
address  bus,  said  first  and  said  second  RAMs  both 
storing  the  same  video  data,  said  video  data  being 
written  by  said  CPU  into  said  second  RAM  and 
then  into  said  first  RAM  during  a  shadow  cycle, 
said  CPU  accessing  first  RAM  at  a  first  rate  and 
said  second  RAM  at  a  second  rate,  said  second  rate 
being  faster  than  said  first  rate; 

video  circuits  coupled  to  said  first  and  second  RAM, 
and  to  said  display  for  generating  said  video  signal 
from  said  video  data  stored  in  said  first  RAM  for 
said  display,  said  circuits  accessing  said  first  RAM 
at  said  first  rate  which  is  compatible  with  the  video 
timing  requirements  of  said  computer,  said  video 
data  being  updated  and  stored  in  both  said  first 
RAM  and  said  second  RAM; 

an  interface  means  coupled  to  said  data  bus,  said 
address  bus,  said  first  RAM  and  said  second  RAM, 
for  controlling  first  memory  cycles  between  said 
CPU  and  said  first  RAM  at  said  first  rate,  and 
second  memory  cycles  between  said  CPU  and  said 
second  RAM  at  a  second  rate,  said  first  rate  being 
slower  than  said  second  rate; 

said  interface  means  including  decoding  means  for 
decoding  addresses  from  said  CPU  to  select  be- 
tween said  first  and  second  memory  cycles,  and 
registers  coupled  to  said  decoding  means  and  said 


50 


55 


60 


65 


APPLE_PAT_4_958_304_15"  1035  KB  2000-02-23  dpi:  600h  x  600v  pix:  4043h  x  5855v 


David  T  Craig    •    21  February  2004 


I  Page  0506  of  0515 


Apple  Computer  Selected  Patents 


11 


4,958,304 


12 


10 


bus  for  receiving  certain  address  signals  from  said 
data  bus  during  predetermined  periods  such  that 
when  said  CPU  is  executing  said  program  and 
needs  to  update  said  video  data,  said  interface 
means  causes  said  video  data  to  be  read  only  from 
said  second  RAM  by  said  CPU  thereby  saving 
substantial  time  during  updating  of  said  display  and 
allowing  said  CPU  to  operate  a  substantial  portion 
of  its  time  at  said  second  rate,  updated  video  data 
being  written  into  said  first  and  second  RAMs  by 
said  CPU 

12.  The  computer  defmed  by  claim  11  wherein  a  first 
of  said  registers  receives  signals  representing  locations  jj 
in  said  first  RAM  into  which  digital  signals  representing 

a  video  display  are  written. 

13.  The  computer  defmed  by  claim  11  wherein  a 
second  of  said  registers  receives  part  of  a  direct  memory 
access  address. 

14.  The  computer  defmed  by  claim  11  wherein  said 
computer  includes  a  plurality  of  slots  for  receiving  addi- 
tional circuits  and  a  third  of  said  registers  receives  sig- 
nals directing  access  to  said  slots. 

15.  A  computer  comprising  a  central  processing  unit 
CPU); 


20 


25 


a  first  random-access  memory  (RAM)  cc-upled  to  said 
CPU; 

a  second  random-access  memory  (RAM)  coupled  to 
said  CPU,  said  first  and  said  second  RAMs  both 
storing  the  same  video  data,  second  RAM  being 
accessed  at  a  faster  rate  as  compared  to  said  second 
RAM; 

video  circuits  for  providing  video  signals  for  a  video 
display,  said  video  signals  being  developed  from 
said  video  data  stored  in  said  second  RAM,  said 
second  RAM  being  coupled  to  said  video  circuits; 

CPU  interface  means  for  providing  control  between 
said  CPU  and  said  first  and  second  RAMs,  said 
interface  means  providing  a  control  signal  to  said 
CPU  and  said  first  and  second  RAMs  to  selectively 
control  access  of  said  CPU  to  said  RAMs  such  that 
when  said  control  signal  is  in  one  state  said  video 
circuitry  reads  said  second  RAM  to  provide  said 
video  signal  to  said  display,  and  when  said  control 
signal  is  in  another  state  said  CPU  reads  said  first 
RAM  to  update  said  video  data,  said  CPU  never 
reading  said  video  data  from  said  second  RAM 
during  the  updating  of  said  video  data; 

said  interface  means  also  writing  said  updated  video 
data  into  both  of  said  first  and  said  second  RAMs 
simultaneously. 
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ABSTRACT 


An  improved  hinge  assembly  for  a  personal  computer 
system.  The  hinge  is  comprised  of  a  tubular  portion 
which  is  rigidly  connected  to  the  cover  unit  of  the 
computer.  A  part  of  the  tubular  hinge  is  left  open  to 
form  a  passageway  into  the  cover  unit.  The  tubular 
portion  rotates  relative  to  the  main  body  section  of  the 
computer.  The  tubular  portion  has  a  longitudinal  sec- 
tion removed  from  near  its  mid-point,  forming  a  gap. 
This  gap  is  closed  by  a  curved  cover  element.  The 
cover  element  is  held  stationary  with  respect  to  the 
main  body  section  of  the  computer.  Thus,  when  the 
cover  unit  is  opened,  the  tubular  portion  rotates  relative 
to  the  cover  element.  A  cable  connecting  the  electrical 
components  in  the  cover  unit  to  the  main  body  section 
passes  through  an  opening  in  the  curved  cover  element, 
is  bent,  travels  through  the  tubular  section,  parallel  to  its 
central  axis,  is  bent  again  and  passes  into  the  cover  unit. 

10  Claims,  4  Drawing  Sheets 
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1  2                        .      . 

However,  this  method  is  also  undesirable  for  several 

CENTER  PIVOT  COVER  reasons.  First,  when  the  cover  is  opened  and  closed,  the 

cable  bends  at  point  A.  This  repeated  bending  can  lead 

BACKGROUND  OF  THE  INVENTION  ^^  ^  work-hardening  of  the  metal  conductors  within  the 

1.  Field  of  the  Invention:                                                ^  cable.  Eventually,  the  conductors  can  become  brittle 
The  present  invention  relates  to  the  field  of  hinge  and  and  break  which  will  lead  to  a  failure  in  the  cable.  An- 

connection  devices,  and  more  particularly  to  an  im-  other  drawback  with  this  method  is  that  the  space  pro- 
proved  hinge  and  cable  assembly  for  a  portable  personal  vided  for  the  cable  within  the  hinge  is  very  limited.  As 
computer.                                                                            ^^  ^  result,  the  cable  must  be  passed  through  the  hinge 

2.  Art  Background  ^^^^^.^  jj^^  connectors  which  are  coupled  to  the  ends  of 
In  the  field  of  personal  computers,  computers  which  ^^^  ^^^^  ^^  ^^^^^^^  Attaching  the  connectors  while 

are  portable  and  may  easily  be  earned  from  place  to  i.        i_i    •       -.l-     t.               .     ■       j«-     i*  *    i     a 

placeare  commonly  referred  to  as  "lap-top"  computers.  '^^^^^^  ''  *«^*"  '^^  computer  is  a  difficult  task.  As 

Typically  lap-top  computers  are  compact  in  size  and  such,  the  tmie  needed  to  manufacture  the  computer  and 

relatively  light  in  weight.  Because  of  their  portable  ^5  its  associated  costs  are  both  increased, 

nature,  lap-top  computers  are  usually  configured  differ-  SUMMARY  OF  THE  INVENTION 
ently  then  most  other  personal  computer  systems.  A 

lap-top  computer  is  usually  a  single,  integrated,  unit.  All  The  present  invention  overcomes  the  limitations  of 

of  the  elements  of  the  computer  are  placed  within  one  the  prior  art  by  providing  an  improved  hinge  assembly 

housing.  This  is  in  contrast  to  most  personal  computer  20  for  a  portable  personal  computer.  With  the  present 

systems  where  the  elements  of  the  system,  such  as  the  invention  the  hinge  is  comprised  of  a  tubular  portion 

keyboard,  video  display,  and  Central  Processing  Unit  which  is  rigidly  connected  to  the  cover  unit  of  the 

(CPU)  are  physically  distinct  entities.  The  mtegrated  computer.  A  part  of  the  tubular  hinge  is  left  open  to 

nature  of  lap-top  computers  is  desirable  because  it  en-  ^^^  ^  passageway  into  the  cover  unit.  The  tubular 

hances  their  portability.                                                      25  ^.^^  ^^^^^  ^^^^^.^^  ^^  ^^^  ^^.^           ^^^.^^  ^^  ^^^ 

Most  lap-top  computers  have  a  mam  body  section  '^          *      -n.    *  i-  i          _*■      u         i        *  j-     i 

which  con^s  all  of  the  essential  circuitry  of  the  com-  ^^^P^'^'-  The  tubular  portion  has  a  longitudinal  sec- 

puter  such  as  the  CPU,  the  power  supply,  and  data  ^'^"^  ^^"»°^«^  ^'^"^  "^^  "^  mid-pomt,  fonnmg  a  gap. 

storage  devices,  such  as  a  floppy  or  hard  disk.  Attached  This  gap  is  closed  by  a  curved  cover  element.  The 

to  the  front  of  the  main  body  section  is  a  keyboard  unit  30  cover  element  is  held  stationary  with  respect  to  the 

which  allows  a  user  to  communicate  with  the  computer.  ™ain  body  section  of  the  computer.  Thus,  when  the 

There  is  a  top  cover  unit  which  is  placed  over  the  key-  cover  unit  is  opened,  the  tubular  portion  rotates  relative 

board  unit.  The  cover  unit  is  connected  to  the  main  to  the  cover  element.  A  cable  connecting  the  electrical 

body  section  by  a  hinge.  The  hinge  allows  the  cover  to  components  in  the  cover  unit  to  the  main  body  section 

be  opened  upwards,  revealing  the  keyboard.                    35  passes  through  an  opening  in  the^curved  cover  element, 

The  top  cover  unit  performs  several  functions.  First,  is  bent,  travels  through  the  tubular  section,  parallel  to 

when  closed,  it  covers  the  keyboard,  thus  protecting  the  jts  central  axis,  is  bent  again  and  passes  into  the  cover 

keys  while  the  computer  is  being  transported.  The  ^^^^ 
cover  also  usually  holds  the  display  unit  of  the  lap-top. 

When  the  cover  is  lifted  upwards,  the  display  unit  is  40  SUMMARY  OF  THE  DRAWINGS 

visible  to  the  user.  In  this  manner,  the  display  unit  is  also  — t/^    «  •          ii    ,..„»;«    „*•  „  ««ki^  ^^„*i^r,  «^..o«„^ 

J   __      ,.    ,                    '           .^    •'  FIG.  1  IS  an  illustration  of  a  cable  routing  arrange- 

protected.  The  display  umt  can  be  a  video  monitor,  a  .  .u  *               j  ■    *i.               -* 

,.     . .         *  1  J-    1                      *u            ■     1     .  J     •  inent  that  was  used  in  the  prior  art. 

hquid  crystal  display,  or  any  other  equivalent  device.  ^,^  , .         «          •        ^        ,                    i.. 

Often,  when  the  cover  is  rotated  upwards  the  computer  ^^^-  ^  '*  an  illustration  of  an  alternative  cable  routing 

is  turned  on                                                                         45  arrangement  that  was  also  used  m  the  pnor  art. 

Because  the  computer's  video  display  is  located  in  the  f'^G.  3  shows  a  portable  personal  computer  system 

cover  unit,  there  must  be  some  method  of  communicat-  that  employs  the  center  pivot  cover  of  the  present  in- 

ing  between  the  video  display  and  the  electronic  cir-  vention. 

cuitry  in  the  main  body  section.  The  video  display  must  FIG.  4  is  a  view  similar  to  FIG.  3  except  that  portions 

be  provided  with  a  power  supply  as  well  as  control  50  of  the  casing  of  the  computer  system  have  been  cut 

signals  for  the  actual  display  device.  Typically,  this  away  and  the  cover  section  is  shown  in  exploded  for- 

communication  is  accomplished  through  the  use  of  an  mat. 

electrical  cable.  FIGS.  5a  and  56  illustrate  the  preferred  embodiment 

Several  methods  of  routing  the  cable  between  the  of  the  cable  which  is  used  in  the  present  invention, 

main  body  section  and  the  cover  unit  are  known  in  the  55  piG.  6  is  a  cross-sectional  view  of  the  hinge  with  the 

prior  art.  However  all  of  these  previously  disclosed  ^^^^^  ^^  tj^e  open  position  taken  along  the  line  f^(*  in 

arrangements  have  some  form  of  an  inherent  limitation.  ^\G  3 

In  one  method,  for  example,  the  cable  simply  exits  the  pj^'  ^  .^  ^  cross-sectional  view  of  the  hinge  with  the 

housing  at  some  location  near  the  hinge  and  then  reen-  ^^^^^  .^  ^^^  ^^^^^          ,^^  ^^^^            ^^^  ,j^^  ^^  .^ 

ters  the  cover  some  distance  away.  This  method  is  illus-  60  '^ 

trated  in  FIG.  1.  This  method  is  obviously  undesirable  ^  "    ".             j,    .         <-,.•         .v 

because  it  exposes  the  cable  to  the  outside  environment.  ^^G.  8  is  a  top  detail  view  of  the  hinge  showing  how 

Such  exposure  could  easily  lead  to  damage  in  the  cable  '^e  cover  section  is  coupled  to  the  tubular  portions, 

or  even  a  potential  electrical  shock  to  a  user  of  the  F*G.  9  illustrates  the  cover  section  as  used  in  the 

computer.                                                                            65  present  mvention. 

In  a  second  method  known  in  the  prior  art,  the  cable  FIG.  10  is  a  side  view  of  the  cover  section, 

is  simply  routed  through  the  hinge  in  the  manner  as  FIG.  11  is  a  cross  sectional  view  of  the  cover  section 

shown  in  FIG.  2.  In  this  manner,  the  cable  is  covered.  taken  along  the  line  11 — 11  in  FIG.  10. 
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DETAILED  DES^PTION  OF  THE  l^fo'^^a^ 'S^cov^^hrg^  2lrbeTwinT^^eTub^^ 

INVENTION  portions  17  of  the  hinge  15.  The  cover  piece  is  not  fixed 

A  center  pivot  cover  for  use  in  a  portable  personal  to  the  tubular  portions  17,  but  is  free  to  move  relative 
computer  system  is  described.  Throughout  the  follow-  5  thereto.  In  FIG.  8,  various  sections  of  the  tubular  por- 
ing specification,  various  details  such  as  specific  compo-  tions  17  and  the  curved  cover  element  22  have  been  cut 
nent  shapes  and  arrangements,  are  set  forth  in  order  to  away  in  order  to  more  clearly  show  the  elements  of  the 
provide  a  more  complete  description  of  the  present  present  invention.  As  can  be  seen,  the  ends  of  the  tubu- 
invention.  In  other  instances  well  known  elements  and  lar  portions  17  are  of  a  smaller  diameter  than  the  main 
methods  of  manufacture  are  not  described  in  detail  so  as  10  body  of  the  tubular  portions.  This  reduction  in  diameter 
not  to  obscure  the  present  invention  imnecessarily.  provides  a  recessed  area  27  into  which  the  cover  section 
Moreover,  throughout  the  following  specification,  the  22  is  placed.  The  recessed  area  27  works  together  with 
present  invention  is  described  with  reference  to  to  use  in  the  stifFeners  24  located  on  the  inner  surface  of  the 
a  portable  personal  computer  system.  It  will  be  appar-  cover  section  22  to  properly  locate  the  cover  section  22. 
ent  to  those  skilled  in  the  art,  however,  that  the  center  15  When  the  cover  section  is  in  place,  it  entirely  covers  the 
pivot  cover  and  hinge  arrangement  can  be  adopted  for  gap  21  between  the  tubular  portions  17.  As  described  in 
use  in  any  electronic  system  that  contains  two  or  more  more  detail  below,  the  opening  23  in  the  cover  section 
elements  which  must  be  movably  connected  together.  is  held  fixed  so  as  not  to  be  visible  by  a  user  of  the 

Referring  first  to  FIG.  3,  a  perspective  view  of  a  computer  system.  Also,  in  the  preferred  embodiment, 

portable  personal  computer  system  using  the  center  20  the  cover  element  has  a  diameter  which  is  substantially 

pivot  cover  of  the  present  invention  is  shown.  The  equal  to  the  diameter  cf  the  tubular  portions.  In  this 

computer  system  consists  of  the  main  body  section  10  manner,  it  appears  as  though  the  hinge  is  one  seamless 

and  a  cover  unit  12.  In  FIG.  3  the  cover  unit  is  shown  unit  to  the  user  of  the  computer  system, 
in  a  closed  position.  However,  the  cover  unit  rotates  FIGS.  9  through  11  illustrate  the  curved  cover  ele- 

upward  to  an  open  position.  In  the  open  position  the  25  ment  22  which  is  used  in  the  present  invention  to  close 

keyboard  and  the  video  display  of  the  computer  system  the  longitudinal  gap  21  between  the  tubular  portions  17 

are  exposed.  The  keyboard  is  contained  in  the  keyboard  of  the  hinge  15.  In  crosssection  the  curved  cover  piece 

section  14  which  is  located  underneath  the  cover  unit  has  a  shape  which  comprises  a  portion  of  the  arc  of  a 

12.  circle,  An  opening  23  is  left  between  the  ends  36  of  the 

The  cover  unit  12  is  connected  to  the  main  body  30  cover.  The  cable  20  passes  through  this  opening.  The 
section  10  by  means  of  a  hinge  IS.  The  hinge  is  cylindri-  exterior  surface  of  the  preferred  embodiment  of  the 
cal  in  shape  with  a  substantially  circular  cross-section.  cover  is  relatively  smooth.  The  interior  surface  has 
In  the  preferred  embodiment,  it  extends  substantially  located  on  it  a  plurality  of  stiffeners  24  to  help  maintain 
across  the  entire  width  of  the  computer  system.  It  will  the  shape  of  the  cover  piece  22.  The  stifFeners  24  are 
be  apparent  to  those  skilled  in  the  art,  however,  that  the  35  simply  raised  portions  tjiat  are  formed  integrally  with 
hinge  is  not  required  to  extend  across  the  entire  width  of  the  cover  piece.  The  stiffeners  24  are  disposed  longitu- 
the  computer  system  and  that  the  same  results  can  be  dinally  along  the  interior  surface  and  are  substantially 
achieved  with  a  hinge  that  covers  only  part  of  the  com-  parallel  to  the  central  axis  of  the  hinge  15.  The  stiffeners 
puter  system.  The  hinge  comprises  two  tubular  portions  24  do  not  extend  all  the  way  to  the  edge  of  the  cover 
17,  a  curved  cover  element  22  and  two  clutch  units  18.  40  piece.  Instead  there  is  a  gap  between  the  end  of  the 
The  tubular  portions  17  are  rigidly  connected  to  the  stiffeners  24  and  the  edge  of  the  cover  piece  22.  This 
cover  section  12.  The  clutch  units  18  are  disposed  at  gap  forms  a  shoulder  portion  25.  When  the  cover  sec- 
opposite  ends  of  the  hinge  15  and  are  rigidly  connected  tion  is  coupled  to  the  tubular  portions  17  of  the  hinge, 
to  the  main  body  section  10.  The  hinge  is  connected  to  the  shoulder  acts  as  a  stop  to  keep  the  cover  piece  prop- 
each  of  the  clutch  units  and  rotates  with  respect  to  the  45  erly  located  in  the  longitudinal  direction.  In  the  pre- 
clutch  units  18.  The  clutch  units  contain  a  mechanism  ferred  embodiment,  the  cover  section  is  manufactured 
which  hold  the  cover  unit  12  in  place  after  it  has  been  from  injection  molded  plastic. 

opened.  The  term  "center  pivot  cover"  refers  to  the  When  the  computer  is  in  its  assembled  form,  the 

hinge  and  cover  element  arrangement  that  is  used  in  the  cover  element  22  is  held  in  a  fixed  orientation  with 

present  invention.  50  respect  to  the  main  body  section  10  of  the  computer. 

Referring  next  to  FIG.  4,  a  second  perspective  view  This  is  best  illustrated  with  reference  to  FIGS.  6  and  7. 
of  the  computer  system  is  shown.  In  this  illustration,  In  FIG.  7,  the  cover  unit  is  closed.  In  FIG.  6  it  is  open, 
portions  of  the  casing  of  the  computer  system  have  been  The  curved  cover  element  22  is  prevented  from  moving 
cut  away  so  as  to  more  clearly  illustrate  the  interior  by  physical  stop  member  26.  This  element  is  an  ex- 
details  of  the  computer  and  the  relationship  of  the  55  tended  arm  which  projects  upwardly  from  the  base  of 
curved  cover  element  22  to  the  various  other  elements  the  main  body  section  10.  In  the  preferred  embodiment, 
of  the  computer  system.  In  FIG.  4,  the  curved  cover  the  physical  stop  member  is  manufactured  from  injec- 
element  22  removed  from  the  computer  system  with  the  tion  molded  plastic.  The  physical  stop  member  has  a 
phantom  lines  indicating  how  the  cover  section  is  cou-  vertical  surface  28,  and  a  horizontal  surface  30  which 
pled  to  the  hinge.  As  can  be  seen,  a  longitudinal  gap  21  60  contacts  the  edges  of  the  curved  tover  element  22.  This 
is  present  between  the  two  tubular  sections  17.  This  gap  prevents  the  cover  element  from  moving  when  the 
is  covered  and  closed  by  the  cover  section  22.  FIG.  4  cover  unit  12  is  opened  and  closed.  Thus,  regardless  of 
also  illustrates  how  the  cable  20  passes  through  the  the  position  of  the  cover  unit  12,  the  curved  cover  ele- 
hinge  15  and  into  the  cover  unit  12.  ment  is  always  oriented  so  that  the  opening  23  is  located 

FIG.  8  illustrates  a  top  detail  view  of  the  computer  65  inside  of  the  computer  system  and  is  not  visible  to  the 

system  showing  how  the  cover  element  22  is  coupled  to  user. 

the  tubular  portions  17  and  the  hinge  15.  FIG.  4  also  Referring  again  to  FIG.  8,  the  relationship  between 

illustrates  how  the  cover  element  22  is  coupled  to  the  the  cover  element  21  and  the  physical  stop  member  26 
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is  further  illustrated.  As  can  be  seen,  the  physical  stop 
member  26  is  relatively  narrow  and  does  not  take  up  the 
entire  width  of  the  cover  section.  Instead,  the  cable  20 
is  inserted  into  the  hinge  at  this  point.  The  manner  in 
which  the  cable  is  routed  into  the  hinge  is  described  in  S 
more  detail  below. 

Refening  again  to  FIGS.  6  and  7,  two  cross-sectional 
views  of  the  hinge  15  and  cover  unit  12  are  shown.  As 
can  be  seen,  the  tubular  portion  17  is  not  a  complete 
circle.  Where  it  is  connected  to  the  cover  unit  12,  there  10 
is  a  passageway  32.  Passageway  32  is  present  to  allow 
the  cable  to  pass  from  the  hinge  15  into  the  cover  unit 
12.  The  tubular  portion  17  has  a  relatively  thin  surface 
wall.  It  may  also  contain  reinforcing  panels  (not  shown) 
to  help  maintain  the  cylindrical  shape  of  the  hinge.         15 

One  of  the  major  advantages  of  the  present  invention 
is  that  it  allows  the  cable  20  connecting  the  electronic 
components  in  the  main  body  section  10  and  the  cover 
unit  12  to  be  routed  in  a  manner  that  is  easy  to  assemble 
and  does  not  place  a  large  amount  of  strain  on  the  cable.  20 
The  cable  20  enters  the  hinge  15  through  the  gap  23  in 
the  curved  cover  piece  22.  In  the  preferred  embodi- 
ment, the  cable  20  is  a, flat  cable  with  a  plurality  of 
parallel  conductors.  This  type  of  cable  changes  direc- 
tion by  being  folded  along  approximately  a  45°  line  so  25 
that  it  makes  a  right  angle  bend.  After  the  cable  enters 
the  hinge,  it  is  bent  so  as  to  travel  substantially  parallel 
to  the  central  axis  of  the  hinge  15.  The  cable  20  extends 
a  predetermined  length  through  the  hinge.  At  that 
point*  the  cable  is  bent  again  and  passes  into  the  cover  30 
unit  12,  through  passageway  32,  where  it  converts  to 
the  electronic  components  associated  with  the  video 
display  of  the  computer  system.  The  manner  in  which 
the  cable  is  folded  in  the  preferred  embodiment  is 
shown  in  FIGS.  5a  and  5b.  35 

This  an-angement  of  the  cable  20  is  advantageous  in 
that  it  does  not  place  a  large  amount  of  strain  on  the 
cable  when  the  cover  unit  is  opened  and  closed.  In  this 
arrangement,  the  cable  20  twists  along  the  entire  length 
which  is  in  the  hinge  whenever  the  cover  unit  12  is  40 
moved.  Tliis  is  in  contrast  to  the  prior  art  where  the 
cable  would  bend  at  a  single  point.  By  twisting  along  a 
length,  the  conductive  elements  in  the  cable  are  not 
subjected  to  work  hardening  and  therefore  do  not  be- 
come brittle  over  time.  This  leads  to  a  longer,  useful  life  45 
for  the  cable.  Another  advantage  of  the  present  ar- 
rangement is  that  the  cable  can  be  completely  assem- 
bled before  it  is  placed  in  the  computer  system.  It  is  not 
necessary  to  add  connectors  to  the  cable  after  it  has 
been  placed  in  the  computer.  That  manufacturing  step  50 
can  be  accomplished  while  the  cable  20  is  outside  the 
computer.  This  greatly  simplifies  the  manufacture  of  the 
computer  system. 

What  is  claimed  is: 

1.  An  improved  hinge  assembly  for  use  in  a  computer  55 
system,  said  computer  system  having  at  least  a  main 
body  section  and  a  cover  unit  comprising: 


a  hinge  means  fixedly  coupled  to  said  cover  unit,  said 
hinge  means  having  removed  therefrom  a  longitu- 
dinal section  so  as  to  form  a  gap; 

a  cover  means  movably  coupled  to  said  hinge  means, 
covering  said  gap; 

a  stop  means  coupled  to  the  main  body  section  for 
holding  said  cover  section  in  a  fixed  orientation 
relative  to  the  main  body  section. 

2.  The  device  of  claim  1  wherein  said  cover  means 
has  formed  ,  therein  an  opening  so  as  to  allow  a  cable  to 
be  passed  through  said  opening,  through  said  hinge 
means  and  into  said  cover  unit. 

3.  The  device  of  claim  1  wherein  said  hinge,  said 
cover  section  and  said  stop  member  are  manufactured 
from  injection  molded  plastic. 

4.  An  improved  hinge  assembly  for  use  in  a  portable 
personal  computer  system,  said  hinge  assembly  com- 
prising: 

first  and  second  substantially  hollow  tubular  portions 
fixedly  coupled  to  a  cover  unit  of  the  computer 
system,  said  first  and  second  tubular  portions  being 
arranged  so  as  to  form  a  gap  therebetween: 

mounting  means  coupled  to  said  first  and  second 
tubular  portions  for  rotatably  couphng  said  cover 
unit  to  a  main  body  section  of  said  computer  sys- 
tem; 

a  curved  cover  element  movably  coupled  to  said  first 
and  second  tubular  portions,  covering  said  gap, 
said  cover  section  having  formed  therein  an  open- 
ing; 

a  stop  member  coupled  to  said  main  body  section  and 
contacting  said  curved  cover  element  so  as  to  hold 
said  curved  cover  element  in  a  fixed  orientation 
with  respect  to  said  main  body  section. 

5.  The  device  of  claim  4  further  comprising  a  cable, 
said  cable  passing  through  said  opening  in  said  curved 
cover  element,  entering  one  of  said  tubular  portions, 
and  travelling  into  said  cover  unit  so  as  to  electrically 
connect  electronic  components  in  said  cover  unit  and 
said  main  body  section. 

6.  The  device  of  claim  4  wherein  said  first  and  second 
tubular  portions  and  said  curved  cover  element  are  all 
substantially  circular  in  cross  section,  and  have  substan- 
tially identical  cross  sectional  diameters. 

7.  The  device  of  claim  4  wherein  said  stop  member 
comprises  an  extended  arm  coupled  to,  and  rising  up- 
wards from,  a  base  of  said  main  body  section. 

8.  The  device  of  claim  5  wherein  said  cable  comprises 
a  flat  cable  with  a  plurality  of  parallel  conductors. 

9.  The  device  of  claim  4  wherein  said  curved  cover 
element  is  movably  coupled  to  said  tubular  portions  by 
being  placed  around  a  recessed  end  of  each  of  said 
tubular  portions. 

10.  The  device  of  claim  4  wherein  said  tubular  por- 
tions, said  curved  cover  element,  and  said  stop  member 
are  all  manufactured  from  injection  molded  plastic. 
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